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ABBREVIATIONS. 


In  descTil)ing  fuels,  esi)ecially  as  to  size,  use  is  made  of  the  following 
abbreviations: 


f.  (.•.  =  iiii('ly  ctusIumI. 

f.  s('r.  =  lin<*'ly  scrceiied. 

L  =  luini). 

n.=nut. 

p.=pca. 

r.  o.  m.  =  ruii  of  iuim\ 


s.=slack. 

Htd.=sUiiKlard. 
thr.  =  through. 
w.=  washed. 
^'=inch  or  inclios. 


WASHING  AND  COKING  TESTS  OF  COAL  AND  CUPOLA 

TESTS  OF  COKE  CONDUCTED  BY  THE  UNITED 

STATES  FUEL-TESTING  PLANT  AT  ST.  LOUIS, 

JANUARY  1,  1905,  TO  JUNE  30,  190T. 


By  RiCHAKi)  MoLDENKE,  A.  W.  Bei.den,  and  (i.  R.  Delamater. 


INTRODUCTION. 

By  Joseph  A.  Holmes. 

The  tests  of  washing  and  coking  coals  and  of  the  behavior  of  the 
resulting  coke  in  cupola  practice,  as  reported  herein,  were  made 
during  the  fiscal  years  1905  and  1906  at  the  St.  Louis  fuel-testing 
laboratory  of  the  United  States  Geological  Survey.  These  tests 
were  carried  on  in  connection  with  similar  investigations  of  the 
steaming  and  gas-producing  qualities  of  the  same  coals  and  of  the 
possibility  of  improving  such  coals  by  briquetting.  This  work  was  a 
part  of  the  general  inquiry  concerning  the  most  economical  manner 
of  utilizing  each  type  of  coal  tested. 

Many  coals  as  received  from  the  mine  were  found  to  be  too  high  in 
ash,  in  sulphur,  or  in  phosphorus  to  make  satisfactory  metallurgical 
coke  without  prior  treatment,  and  some  coals  possessed  better  coking 
qualities  than  others.  It  was  found  that  the  washing  of  some  coals 
so  reduced  the  percentage  of  ash  and  sulphur  as  to  make  available 
for  the  production  of  coke  a  coal  which  otherwise  would  have  had  no 
value  for  this  purpose.  In  the  following  pages  are  reported  the 
details  of  the  washing  of  coal,  the  production  of  coke  therefrom,  and 
the  behavior  of  the  coke  in  the  cupola  when  utilized  -  for  the 
production  of  castings,  the  results  of  each  test  being  tabulated  in 
full.  A  study  of  these  tables  indicates  many  important  facts  as  to 
the  behavior  and  treatment  of  the  coals  mined  in  the  various  ]>()rti()ns 
of  the  United  States  when  prepared  as  metallurgical  coke. 

The  washing  tests  of  1905  were  not  as  satisfactory  as  the  later  tests 
because  of  inadequate  storage  facilities  and  the  lack  of  certain  equip- 
ment, but  the  latter  was  added  in  time  for  the  tests  of  1906.     An 
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important  result  of  the  washing  tests  is  showTi  in  the  percentage  of 
ash  and  sulphur  actually  removed.  The  reduction  of  these  impuri- 
ties by  washing,  of  course,  increases  the  percentages  of  fixed  carbon 
and  volatile  matter  over  the  amounts  present  in  raw  coal.  These 
facts,  the  number  of  washings,  and  the  methods  of  washing,  are 
recorded,  thus  furnishing  valuable  data  as  a  guide  to  the  treat- 
ment necessary  to  render  each  coal  tested  most  suitable  for  coking. 
Altogether  there  were  101  regular  washing  tests  and  12  special  tests. 

The  results  of  these  tests  show  an  increase  in  moisture  of  10  to  30 
per  cent,  a  reduction  in  ash  in  the  1905  tests  of  15  to  50  per  cent  and 
in  the  1906  tests  of  20  to  60  per  cent,  and  a  reduction  in  sulphur  in 
the  1905  tests  of  10  to  40  per  cent  and  in  the  1906  tests  of  10  to  50 
per  cent.  A  few  examples  of  the  total  amount  of  reduction  may  be 
mentioned.  A  raw  coal  containing  5.05  per  cent  of  sulphur  con- 
tained after  washing  2.47  per  cent,  a  total  removal  of  55  per  cent. 
Proportionate  reductions  in  sulphur  were  made  in  coals  containing 
lesser  amounts.  The  ash  in  a  raw  coal  containing  42.56  per  cent 
was  reduced  by  washing  to  29.67  per  cent,  a  total  removal  of  65  per 
cent.  In  a  similar  manner  ash  in  a  raw  coal  containing  15.72  per 
cent  was  reduced  to  10.16  per  cent,  a  total  removal  of  41  per  c^nt; 
and  in  a  coal  containing  9.81  per  cent  to  5.38  per  cent,  a  total  removal 
of  59  per  cent.  It  is  evident  that  coals  which  are  in  the  raw  state 
utterly  unfit  for  steaming  purposes  can  be  made  fairly  good  steaming 
coals  1)}'  washing,  and  that  coals  unsuited  for  coking  can  be  made 
availal)le  in  the  same  way. 

It  is  proposed  to  conduct  (luring  the  next  fiscal  year  washing  tests 
with  much  improved  apparatus  at  the  fuel-testing  plant  recently 
established  at  Denver,  Colo.,  where  experiments  in  washing  and  coking 
will  be  made  on  the  coals  mined  in  the  Rocky  Mountain  region,  with 
a  view  to  determining  what  can  be  done  to  make  them  available  for 
the  production  of  metallurgical  coke. 

The  coking  tests  were  made  in  ovens  of  the  regular  beehive  pattern, 
two  of  standard  size  7  feet  high,  and  one  of  standard  diameter  6  feet 
4  inches  high.  Samples  of  coke  were  taken  from  five  different  parts 
of  the  oven  in  practically  the  same  location  for  each  test,  so  as  to  give 
a  standard  method  of  comparison  for  each  coke.  The  present  report 
covers  192  tests,  made  on  100  coals,  the  samples  ha\dng  been  col- 
lected from  17  States  and  1  Territory.  One  hundred  of  these  tests 
were  made  on  raw  coal,  82  on  washed  coal,  and  10  under  miscellane- 
ous conditions.  In  some  of  these  tests  it  was  found  that  the  addition 
of  pitch  produced  coke  from  coal  which  when  tested  raw  gave  either 
no  coke  or  coke  of  an  inferior  ciuality.  In  other  tests  the  addition  of 
pitch  did  not  improve  the  (luality  of  the  coke.  The  tabulated  results 
of  the  coking  tests  should  be  studied  in  the  light  of  the  description  of 
the  resulting  coke  which  accompanies  the  tables.     The  physical  tests 
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to  determine  the  compressive  strength  of  the  coke — or,  in  other 
words,  the.  height  of  the'  furnace  burden  which  the  coke  will  sup- 
port— showed  only  the  worthlessness  of  such  determinations.  The 
compressive  strength  of  a  given  coke  made  with  the  same  coal  ranged 
from  about  700  pounds  ultimate  strength  per  square  inch  to  over 
2,000  pounds.  As  a  coke  with  compressive  strength  of  48  pounds 
will  support  the  burden  of  any  modem  furnace,  it  is  evident  that 
this  test  is  of  little  or  no  practical  value,  especially  as  the  burden 
borne  by  the  coke  may  be  greatly  modified  by  the  action  of  heat,  by 
attrition,  and  by  other  factors.  The  inquiries  seem  to  indicate  that 
the  yield  of  coke  is  increased  and  the  proportion  of  breeze  reduced 
by  preliminary  crushing.  Further  experiments  are  necessary  to 
verify  these  determinations,  as  well  as  to  indicate  the  limit  of  fine- 
ness of  such  crushing.  Fine  crushing  appears  to  increase  the  strength 
of  the  coke,  which  is  apparently  influenced  also  by  the  amount  and 
distribution  of  ash. 

More  complete  coking  tests  will  be  carried  on  with  a  view  to  pro- 
curing more  conclusive  data  along  the  lines  above  indicated,  also 
with  a  view  to  determining  more  accurately  the  loss  of  sulphur  from 
coal  to  coke,  which  varies  with  the  coals  and  the  method  of  treat- 
ment. These  coking  tests  are  being  continued  at  the  new  plant  at 
Denver  on  beehive  ovens  with  two  heights  of  crown,  in  order  to  deter- 
mine the  treatment  necessary  to  produce  good  metallurgical  coke 
from  the  coals  mined  in  the  Rocky  Mountain  region. 

The  great  need  of  the  immediate  future  in  connection  with  coking 
experiments  is  the  conduct  of  such  tests  in  by-product  ovens,  and  it 
is  hoped  that  funds  may  soon  be  had  which  will  permit  the  erection 
and  operation  of  such  ovens. 

The  cupola  tests  of  coke  in  1905  and  1906  were  carried  on  along 
lines  fully  described  in  Professional  Paper  No.  48.  The  results  as 
set  forth  in  the  following  tables  give  the  details  of  170  cupola  tests. 
The  data  concerning  record  of  melt,  taken  in  connection  with  the 
indications  of  the  source  of  the  coals  and  the  analyses  of  the  corre- 
sponding coke,  furnish  interesting  facts  as  to  the  melting  ratio  of 
iron  to  coke,  the  rate  of  melting  per  hour,  and  the  amount  of  iron 
recovered.  Equally  interesting  is  the  table  giving  the  chemical 
effect  on  iron  from  cupola  tests  of  cokes  made  from  coals  mined  in 
various  States.  It  is  not  contemplated  that  these  cupola  tests  will 
be  continued  during  the  fiscal  year,  in  view  of  the  necessity  of  devot- 
ing the  available  funds  to  the  study  of  the  coking  qualities  of  western 
coals. 


WASHINCJ  TESTS. 


By  G.  R.  Delamater. 


REPORT  FOR  1905. 
IMPROVEMENT    IN    EQUIPMENT. 

The  lack  of  adequate  storage  facilities  and  the  constant  demand 
on  the  weighing  and  conveying  apparatus  for  delivering  coal  to  the 
other  sections  of  the  fuel-testing  plant,  which  greatly  interfered  with 
the  washing  tests  made  during  1904,"  were  again  felt  in  1905  and 
tended  somewhat  to  vitiate  the  results,  although  much  improvement 
was  made  in  the  equipment. 

In  order  to  eliminate  these  difficulties,  important  changes  were 
made  during  the  year  in  the  arrangement  of  the  washer  equipment. 
The  storage  capacity  available  during  1904  was  increased  from  175 
tons  to  350  tons.  Additional  '^shed  bins''  of  150  tons  aggregate 
capacity  were  provided  outside  the  washer  plant  for  storing  coal  at 
times  when  the  regular  washer  bins  were  filled. 

The  coal  was  shoveled  from  the  cars  direct  to  the  crusher  or  to  a 
hopper  scale.  By  means  of  a  combination  elevator  conveyor  the 
coal  could  be  transferred  from  the  hopper  scale  or  crusher  to  any  one  of 
the  twelve  regular  storage  bins,  or  from  one  bin  to  another;  or  could 
be  transferred  to  belt  conveyors  for  delivering  the  coal  to  the  boiler 
section  and  other  divisions  of  the  plant.  The  elevator  conveyor 
referred  to  was  relieved  of  a  large  portion  of  the  work  of  handling 
coals  for  the  gas-producer  and  boiler  sections  by  a  30-inch  Jeffrey  belt 
conveyor,  which  was  installed  to  run  from  the  car  siding  to  the  bins  of 
these  sections  for  the  purpose  of  delivering  coal  to  them  direct  from 
the  cars. 

All  washing  tests  made  during  1905  were  made  on  the  Stewart  jig 
used  during  1904,  at  a  speed  of  35  revolutions  per  minute  and  6-inch 
stroke.  The  sludge-recovery  system,  with  the  customary  perforated- 
bucket  elevators,  was  used   in  reclaiming  the  washed  coal  and  refuse 

aCompare  the  following  U.  S.  Geological  Survey  pulilieations:  Bull.  No  201,  1905,  p.  00;  I'rof.  Paper 
No.48,  1906,  p.  1400. 
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after  washing.  Owing,  however,  to  the  fact  that  there  were  only  two 
sludge  tanks — one  for  the  washed  coal  and  one  for  the  refuse — only 
one  jig  could  be  operated  at  a  time,  since  if  two  or  more  jigs  were 
operated  their  output  would  become  mixed  in  the  sludge  tanks. 

With  the  existing  arrangement  of  the  washery  it  was  necessary  to 
use  the  same  water  over  and  over  again.  The  washed-coal  sludge 
tank,  supplied  with  water  from  the  city  mains,  was  used  as  a  reser- 
voir from  which  the  water  was  delivered,  principally  beneath  the 
screens  of  the  jigs.  A  considerable  amount  of  fine  coal  was  thus  car- 
ried over  from  the  sludge  tank.  The  bulk  of  this  fine  coal  settled  to 
the  bottom  of  the  jig  body,  where  it  became  mixed  with  the  refuse 
and  was  carried  on  to  the  refuse  sludge  tank. 

All  coals  tested  were  passed  through  an  18  by  24  inch  Cornish 
tooth-roll  crusher,  which  breaks  the  coal  down  to  a  maximum  size 
of  about  2  inches,  although,  of  course,  a  considerable  proportion  may 
be  much  smaller,  depending  on  the  nature  of  the  coal. 

The  power  for  operating  the  plant  was  furnished  by  a  12  by  16  inch 
Frost  steam  engine,  belted  to  a  main  shaft  from  which  the  jigs  and 
other  machiner}^  of  the  plant  were  driven.  The  steam  for  this  engine 
was  received  from  the  boiler  section. 

PERSONNEL. 

The  1905  tests  were  made  under  the  direction  of  John  D.  Wick. 

REPORT  FROM  JANUARY  i,  1906,  TO  JUNE  30,  1907. 
EQUIPMENT  AND  OPERATION. 

On  February  22,  1906,  the  washery  plant  was  almost  entirely 
destroyed  by  fire,  and  with  it  a  few  samples  of  coal  that  were  on  hand 
in  the  storage  bins.  The  plant  was  immediately  rebuilt,  the  former 
arrangement  being  followed  throughout. 

From  January  1  to  December  15,  1906,  one  Stewart  jig  was  used 
in  making  all  the  washing  tests.  During  December,  1906,  a  special  jig 
was  installed.  This  jig  was  of  the  center-plunger  type,  i.  e.,  the 
plunger  was  directly  beneath  the  screen,  and  the  upstroke  of  the 
plunger  caused  the  pulsation.  The  plunger  liad  no  valves,  but  valves 
were  arranged  in  the  sides  of  the  jig  body  to  admit  the  supply  water 
on  the  downstroke  of  the  plunger.  Cams  and  springs  were  used  in 
such  a  manner  that  the  plunger  had  a  slow  downward  and  a  quick 
upward  stroke.  The  screen  of  this  jig  was  4  feet  wide  by  5  feet  long 
and  was  made  of  strips  of  No.  10  wire  running  lengthwise  of  the  screen 
frame  and  set  one-sixteenth  inch  apart.  The  length  of  the  stroke 
was  adjustable  up  to  4  inches.  The  depth  of  the  coal  bed  was  also 
adjustable. 
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Owing  to  the  fact  that  the  power  for  operating  the  washer  plant 
was  furnished  by  a  12  by  16  inch  Frost  steam  engine,  belted  to. a  main 
shaft  from  which  the  jigs  and  other  machinery  were  driven,  it  was 
impossible  to  change  the  speed  of  the  jigs.  Better  results  could  have 
been  obtained  on  some  coals  tested  had  it  be^n  possible  to  change  the 
speed  to  suit  the  length  of  stroke  used. 

As  the  only  crusher'  available  for  this  work  was  an  18  by  24  inch 
Cornish  tooth-roll  crusher,  it  was  impossible  to  crush  some  coals  down 
as  fine  as  they  should  have  been  crushed.  However,  an  adjustable- 
mesh  bumping  screen  was  installed  in  January,  1907,  in  such  a  man- 
ner that  the  coal  was  first  passed  over  this  screen,  and  the  tailings 
then  passed  on  to  the  crusher,  while  the  fuel  which  went  through  the 
screen  dropped  into  the  bin  over  the  jig.  The  product  of  the  crusher 
was  then  elevated  again  to  the  screen,  and  this  cycle  of  operation  was 
repeated  until  all  the  coal  passed  through  the  screen. 

In  December,  1906,  a  float  and  sink  testing  equipment  was  installed. 
Before  each  wasliing  test  was  made,  samples  of  the  raw  coal,  quar- 
tered down  to  2  kilograms  each,  were  tested  on  four  different  specific- 
gravity  solutions.  In  this  manner  it  was  possible  to  make  a  prelimi- 
nary determination  of  the  result  of  a  separation  under  varying  per- 
centages of  washed  coal  and  refuse.  The  coal  was  then  washed  with 
the  jig  regulated  to  discharge  as  refuse  a  percentage  about  equal  to 
the  percentage  found  achnsable  from  the  float  and  sink  tests.  After 
a  wasliing  test  was  made,  a  sample  of  the  refuse  was  taken  and  quar- 
tered down  to  four  samples  of  2  kilograms  each,  and  these  were  also 
tested  on  the  specific-gravity  solutions.  The  test  showing  the  high- 
est percentage  of  float  coal  and  having  an  analysis  which  agreed 
fairly  with  that  of  the  washed  coal  was  then  used  in  determining  the 
percentage  of  ^'loss  of  good  coal  in  the  refuse."  In  this  manner  the 
efficiency  of  the  test  was  shown. 

PERSONNEL. 

John  D.  Wick,  assisted  by  Edward  Moore,  was  in  charge  of  the 
washing  tests  from  January  1  to  June  30,  1906;  J.  II.  Gould  from 
July  16  to  October  12,  1906;  and  G.  R.  Delamater  from  November 
15,  1906,  to  June  30,  1907. 

EXPLANATION  OF  TABLES. 

^^ Percentage  of  reduction'^  and  ^^ amount  actually  removed.** — The 
''percentage  of  reduction"  is  the  comparison  made  of  the  percentages 
of  the  impurities  in  the  raw  coal  and  in  the  washed  coal.  It  will  be 
readily  understood  that  if  the  ash  alone  is  reduced  by  washing,  the 
fixed  carbon  and  volatile  matter  will  form  a  higher  percentage  of  the 
washed  coal  than  of  the  raw  coal.     In  actual  practice,  however,  it  is 


WASHING   TESTS.  11 

impossible  to  make  so  perfect  a  separation  that  the  wasliing  process 
will  not  remove  portions  of  some  constituents  other  than  the  impu- 
rities, and  therefore  the  percentage  of  each  constituent  in  the  washed 
coal  is  affected  by  the  reduction  of  each  of  the  other  constituents. 
This  is  clearly  indicated  in  test  192,  on  Alabama  No.  6,  and  test  198, 
on  Virginia  No.  6.  A  comparison  of  the  raw-coal  and  washed-coal 
analyses  in  these  two  tests  shows -that  in  the  test  on  Alabama  No.  6 
the  percentage  of  sulphur  was  the  same  in  the  washed  coal  as  in  the 
raw  coal;  and  in  the  test  on  Virginia  No.  6  the  sulphur  in  the  washed 
coal  was  higher  than  in  the  raw  coal.  It  will  therefore  be  seen  that  a 
simple  comparison  of  the  raw-coal  and  washed-coal  analyses  will  not 
always  show  whether  any  of  the  sulphur  in  the  raw  coal  was  actually 
removed  with  the  refuse  in  washing. 

Formulas. — In  order  that  these  percentages  might  be  determined, 
the  following  formulas  were  compiled  and  used  in  making  up  this 
report.  It  will  be  noted  by  referring  to  the  test  data  (p.  15)  that  10 
per  cent  of  the  original  sulphur  in  the  raw  coal  was  actually  removed 
with  the  refuse  in  washing  Alabama  No.  6,  and  that  13  per  cent  was 
actually  removed  in  washing  Virginia  No.  6: 

Let  X  =  the  percentage  of  reduction  of  any  constituent. 

Y  =  the  percentage  of  any  constituent  removed  by  washing. 
M  =  the  percentage  that  the  amount  of  the  constituent  in  the 
washed  coal  is  of  the  raw  coal. 

a  =  the  percentage  that  the  washed  coal  is  of  the  raw  coal. 

6  =  the  percentage  of  the  constituent  in  the  washed  coal. 

c  =  the  percentage  of  the  constituent  in  the  raw  coal. 

Then  X  = ,M  =  a&,  andY  =  - — ^—. 

TESTS  MADE. 

Sixty-three  domestic  samples  of  fuel  from  fourteen  States  and  Ter- 
ritories and  two  samples  from -Argentina  were  washed  during  the 
period  covered  by  this  report.  The  detailed  results  of  the  tests  are 
given  in  the  following  tables. 
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WASHING;  COKING;  AND   CUPOLA   TESTS. 
Details  of  washing  tests  of  bituminous  coals  in  1905. 


101 
104 
108 
102 
103 

106  I 

107  I 

ia5 

110 
111 
109 

115 
112 
113 
114 
118 
117 
116 


119 
121 
122 
125 
13:i 
138 
137 
131 

120 
124 
123 
126 


134 

127 

128 
132 
135 
13<i 


Field  No.  of  coal.o 


Bed. 


Illinois: 

6 

7C.... 

7D... 

9A... 

10 

.  12 

13 

14 

15 

16 

18 

Indiana: 

3 

4 

0 

7A... 

8 

9B... 

10 

Maryland: 

1 


No.  6 

do 

do.... 

do.... 

No.  7 

No.  6 

No.  7 

No.  5 

No.  6 

No.  7 

No.  2 


No. 
No. 
No. 
No. 
No. 


Ohio: 

1 

2 

;i 

4 

6 

s'.'.'.V.'.'.'.'.V. 

9  B 

Pennsylvania: 

5 

6 


No.  6 

Lower  Kit- 
tanning. 


No.  4.. 
No.  5.. 
No.  6. . 
No.  8.. 
do. 


No.  7. 
No.  6  . . 
No.  4.. 


I 


81 RH  of  coal. 

tSttS  p.  4.) 


Date  cif  I 
test. 


Khipped. 


Ah 

wofthed^ 


May  15 
June  2G 
July  8 
May  22 
May  26 
July  6 
...do.... 
June  2^^ 
July  12 
July  28 
July  VI 


Aug.    7  I  u*,  !*. 

July  25  I  nc. 

Aug.     4  I  r.  o.  lu. 

Aug.     7  L, «..  n. 

Aug.  31  '  I. 

Aug.  24  '  fn  o.  m. 

Aug.  21  ' 


f .  o*  m. 


Oct.   ai 


I 


Sept.  fi 
Sept.  i;i 
Sept.  \\\ 
Sept.  27 
Nov.  M 
Dec.  lii 
Dec.  \h 
Oct.   ri 

Sept.  U 
Sept.  2fl 
Sept.  ^l 
Oct.     5 


Virginia: 

2 

West  Virginia: 

4B 


Pittsburg. . . ' 

do I 

' do i 

I  Lower  Kit-  i 
!      tanning,     j 

McConnell..!  Nov.  VA 

Oct.     fl 


10  B... 

17 

20 

21 

Wyoming: 
3 


Upper  Free- 1 

port.  ! 

I  Pittsburg...; 

,  Baker.stown. 

Keystone... 

Peerle.ss ' 

(?' 


T.  o.  m. 
r.  o,  m* 

OVEF  \'\ 
T.  o,  til. 
over  li' 
r.  0.  m, 
n.p  s. 


ihr.  T\ 
s, 

tlir.  2". 
thr.  r\ 

A. 

thr.  2". 
thr.  2". 
thr.  2". 
thr.  2". 
thr.  2". 
thr.  2", 

thr.  \y\ 
thr.  ir. 
thr.  2", 
thr.  2". 
thr.  T\ 
thr.  2". 
thr.  T\ 

thr.  2*'. 


thr.  T\ 
Ihr.  -r. 

tjir.  2", 
thr.  2'^ 
thr.  2", 
thr.  2". 
thr.  2". 


over  3 
r.  0.  IT 


thr.  ^\ 

thr.  2^'. 

thr.  2". 

m.      thT.  2"'. 


r.  o.  iJi. 
r.  0.  m. 


Oct.   II 

Oct.  27 

Nov.  211  ,  r.  o.  III. 

Dec.    11     Th  cj.  Jui. 


tkr.  2". 
thr.  2". 

thr.  2", 
thr.  2". 
thr.  2". 


Oct.    hi     T.  n.  m.      thr.  2". 


Amount  of  coal. 


Washed. 


liefuse. 


Raw 
(lbs.). 

Lbfl. 

k'&T 

4»nt. 

Lbs, 

dant 

14,  no 

13,5S6 

■ 

1,134 

S 

Mi.sm 

n,23S 

71 

4,571 

2» 

lAytm 

11,790 

84 

2,210 

Iti 

\^,{m 

12,920 

7K 

4J**0 

22 

i4,7ia 

ia,795 

S7 

1, 915 

1^ 

IfipDOO 

1,^,W» 

88 

2,100 

12 

2t>,U.^ 

27,.'WiO 

^ 

2,400 

g 

1«,WK> 

15,95ij 

Hb 

2,045 

U 

18JMM] 

Kioa-j 

TJi 

4,^ 

2W 

u,{m  '  12, ."lO* 

m 

1,50(1 

11 

1S,(W0     14,4W 

so 

:i,iioo 

ao 

M,0<W 

St^WW 

r^ 

14,000 

2S 

a2,o(jo 

24,000 

76 

B,000 

2,-) 

24,(liJU 

JtljOO 

m 

4,000 

20 

14,000 

12,240 

fa 

1,7B0 

13 

lti,0(]O 

15,tJfl(J 

H 

020 

t» 

18,000 

l.%4CiO 

§6 

2,540 

14 

18,  (MU 

1.%3U0 

8S 

2,700 

IS 

i^fiOO 

37,4riU 

£2 

a,uso 

1*1 

26,aoo 

23,750 

IIS 

a,  150 

12 

33,42U 

2,5,ti2fl 

7a 

a,7flfi 

21 

47,125 

M,ma 

7-1 

12,325 

20 

29,120 

2a,o(x> 

JW 

3,120 

11 

24, DUO 

20,400 

1^ 

.%600 

Ui 

[6,000 

14,000 

88 

2,000 

12 

17,300 

15,560 

90 

],fi40 

10 

4e,53a 

37,a30 

HI 

^700 

]tj 

30,aaj 

29,000 

»4 

1,920 

0 

50,000 

43,300 

S7 

6,700 

!3 

a2,DO0 

27,180 

B5 

4,*^ 

15 

12,UQQ 

i>,700 

HI 

2,300 

19 

^OUtl 

24,550 

as 

3,4S0 

12 

%\m 

2l,€00 

79 

5j0Q0 

21 

22,825  '  l'J,a00 

87 

3,(^ 

13 

L»9.53U  '  24,765 

M 

4,74ia 

16 

4V>H  m  '  24.5JW 

HI 

I>.5ti0 

13 

^4,000     22,000 

9-2 

2,000 

» 

24,120     20,000 

a& 

4,000 

15 

o  Detailed  account  of  the  field  origin  and  collection  of  feach  sample  of  coal  may  be  found  in  Bull.  U.  S. 
Oeol.  Survey  No.  290,  190G. 


WASHING  TESTS. 
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Details  of  washing  tests  of  bituminous  coals  in  190S — Continued. 


^ 

Chemical  analyses  (per  cent) . 

-  Reduction 
(percent). 

Actually  re- 
moved (per 
cent). 

bed 

Raw  coal. 

Washed  coal. 

I 

Mois- 
tore. 

Vola- 

tUe 

matter. 

Fixed 
carbon. 

Ash. 

Sul- 
phur. 

Mois- 
ture. 

Ash. 

Sul- 
phur. 

Ash. 

Sul- 
phur. 

Ash. 

Sul- 
phur. 

101 

14.43 

29.48 

42.81 

13.28 

4.01 

15.23 

8.64 

3.30 

35 

18 

40 

24 

104 

10.69 

33.08 

36.14 

20.09 

4.06 

16.64 

8.59 

3.25 

57 

20 

70 

43 

108 

10.83 

36.24 

39.75 

13.18 

4.53 

12.45 

9.30 

3.65 

29 

19 

41 

32 

102 

13.54 

35.69 

40.03 

10.74 

4.03 

15.65 

7.57 

3.38 

30 

16 

45 

34 

103 

9.50 

31.98 

47.08 

11.44 

1.45 

11.86 

6.67 

1.38 

42 

5 

48 

17 

106 

8.20 

32.26 

46.50 

12.95 

3.48 

13.30 

8.91 

2.48 

31 

29 

39 

37 

107 

8.31 

31.65 

^.56 

10.48 

1.55 

11.15 

7.49 

1.27 

29 

18 

34 

25 

105 

12.77 

34.68 

40.77 

11.78 

4.16 

16.32 

9.37 

3.29 

20 

21 

29 

29 

110 

9.95 

34.76 

42.06 

13.23 

3.87 

11.81 

8.41 

3.00 

36 

23 

54 

44 

111 

8.43 

30.08 

51.89 

9.60 

1.14 

10.14 

8.06 

1.02 

16 

11 

25 

20 

109 

12.39 

36.89 

41.80 

8.92 

3.92 

14.99 

5.77 

2.98 

35 

24 

48 

39 

115 

13.18 

31.92 

39.27 

15.63 

4.79 

15.02 

8.61 

3.25 

45 

32 

60 

51 

112 

13.99 

29.40 

42.29 

14.32 

2.31 

16.49 

7.25 

1.94 

49 

16 

62 

37 

113 

10.80 

36.09 

40.49 

12.62 

4.39 

11.65 

9.83 

3.49 

22 

21 

38 

36 

114 

8.90 

38.52 

43.37 

9.21 

3.74 

10.16 

7.89 

3.24 

14 

13 

25 

25 

118 

9.55 

36.19 

43.65 

10.61 

3.72 

11.76 

9.52 

3.18 

10 

15 

16 

20 

117 

13.53 

34.80 

40.91 

10.76 

3.15 

14.55 

8.14 

2.56 

24 

19 

35 

30 

116 

10.72 

39.29 

41.42 

8.57 

3.83 

10.67 

6.15 

3.34 

28 

13 

39 

26 

130 

2.33 

16.11 

68.43 

13.13 

1.49 

3.67 

10.61 

1.09 

19 

27 

34 

47 

119 

7.71 

38.32 

42.02 

11.95 

4.61 

9.25 

8.57 

3.72 

28 

19 

37 

29 

121 

9.01 

35.85 

48.80 

11.34 

4.02 

10.77 

7.42 

2.95 

35 

27 

48 

42 

122 

9.90 

3a  66 

44.86 

11.58 

1.81 

9.96 

7.74 

1.36 

33 

25 

51 

44 

125 

3.53 

37.45 

49.90 

9.12 

3.47 

3.33 

7.48 

3.27 

17 

6 

27 

15 

133 

5.31 

36.72 

49.45 

8.52 

3.33 

6.16 

6.38 

2.94 

25 

12 

36 

25 

138 

6.65 

33.94 

48.86 

10.55 

3.13 

7.47 

6.37 

2.16 

40 

31 

47 

39 

137 

7.55 

38.00 

46.08 

8.37 

2.84 

11.77 

6.03 

2.07 

28 

27 

35 

35 

131 

8.10 

36.87 

43.10 

11.93 

3.35 

9.49 

7.45 

2.88 

38 

14 

49 

31 

120 

2.46 

34.48 

57.01 

6.05 

.88 

4.91 

4.57 

.90 

24 

29 

3 

124 

3.24 

31.78 

52.46 

12.52 

1.94 

4.31 

7.26 

1.47 

42 

24 

50 

35 

123 

4.09 

20.62 

62.82 

12.47 

2.08 

5.67 

10.08 

1.55 

19 

25 

31 

37 

126 

3.09 

17.29 

68.29 

11.33 

2.04 

4.58 

8.75 

1.24 

22 

39 

30 

51 

134 

3.35 

35.13 

55.94 

5.58 

.92 

6.39 

3.95 

.88 

29 

4 

38 

16 

127 

3.91 

26.68 

59.30 

10.11 

1.07 

4.47 

7.76 

.81 

23 

24 

39 

31 

128 

5.57 

31.61 

54. 45 

8.37 

1.20 

5.41 

5.91 

.92 

29 

23 

39 

33 

132 

3.46 

27.29 

61.13 

8.12 

1.45 

5.33 

5.50 

1.14 

32 

21 

43 

34 

135 

2.82 

32.20 

56.95 

8.03 

1.38 

5.70 

4.64 

1.07 

42 

22 

50 

33 

136 

3.57 

36.38 

5.5.20 

4.85 

1.32 

6.35 

3.47 

1.00 

28 

24 

34 

30 

129 

15.12 

34.36 

33.82 

16.70 

6.66 

19.16 

6.52 

4.16 

61 

38 

67 

47 

Details  of  washing  tests,  January  1,  1906,  to  June  30,  1907, 


1«3 

lei 
\m 
les 

IS7 
l«7a 

139 
HI 
144 

\m 

112 

leo 

151 


Fj«til  Ho.  uf 


AlAbmiw: 
3 


4.- 

6c. 


Argentlnai 

Arkanaai: 
1B„.„ 
7B 


Des  Iff  mutton 
ofbed. 


f-ln3ferw*>od  or 
Thorn  psoiL 

Blttjck Creek,, . 
Pratt 


f> . 

imnois; 

30 , 

11 

22A 

^B„. 

33  A 


HuQtin^fin . . 
Hftrtahornfl.  , 

HuntJttgton,. 


No.fl..,, 

.....do,,.,. 

,d4J .*.*_. 

,,,..do , 

do..„„... 


DatA  of  teat. 


Jlj7used.b 


May  2iKTW»    Stewart. 
May  23,!W*i    ,,..,do..- 

May  2l,:fiO>  ' do.,, 

Jan.   15,1S0I  '....,.... 
Jaiu  32,1007  I  Spft'IuJ.. 


Nov,  13* 
Dec  24, 

Dec.  m 
jAn.  14 
Jan.  39, 
Jan,     4, 

Jan.  IS, 
May  21, 

Feb,  m, 
Jan.  31 1 


1900 
liJOfi 


Stewart. 
do..- 


1005  L....dn... 
1906  L.,..di>._ 

1006    do... 

1006  ' dfv,„ 

1906  L.,.do,.. 

lOOf^  ' do,.. 

IWM    do... 

1906   .....do.,. 
1906    do... 


Blse  or  fueln 
(Fi«ep.  I.) 


4 
-=1 


r.  o.  m. 


r.o,in. 
r.o.  tn. 

A. 

No.  4. 

sc. 

1. 
I. 

ST. 

S'M. 


1 

5 


thr.  2" 

thr.  2" 


thr.  2'^ 


I* 


7,ftT 
9,0Q 


a» 


Amount 
wiutbed 


<IS9 
S.25 

7.23 


laTfi 


jl.00 
3,^ 


tHr.  V*, 

tur.  r. 

thr.  2". 
s. 
tiir.  T\ 

thr.  2". 
thr.2"Jli.OO  1 11. 00 


13.00 


&5n 


301 50  23.00 

35.00   19.00 

.50     9.7fi 

38.55  mt? 

31.64  ,2aso 

S.  W     7. 32 
9, 70  I  a  SO 

aaoo  ,16, Oft 


8fl 


90 

00 

75 
7ft 

ss 

74 
QO 

m 

m 
m 


«  Detailed  account  of  the  field  origin  of  each  sample  of  fuel  may  be  found  in  Bull.  U.  S.  Geol.  Survey 
No.  332. 

ft  Stewart  Jig— speed  35  revolutions  per  minute,  with  G-inch  stroke;  special  jig— speed,  70  revolu- 
tiona  per  minute,  with  2Hnch  stroke. 

cNot  enough  coal  for  other  than  special  float  and  sink  tests. 
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Details  of  washing  testSy  January  1,  1906,  to  June  SO^  1907 — Continued. 


furl. 


lit 

im 
im 

161 
1B3 

1S4 
1SH> 

107 


Drtfi  gnat  mil 
of  Vied. 


145, 

I 
176  i 
175 

IDL  I 
191a 

I4g  I 


U3  I 
1K2 

159  I 

152  J 
154  \ 

153  I 


im 


1 1  UnolB— Cont'd 

21  A. ...,-,.. 
24B 

25A. ..,.„. 

an 

27 .-.,-. 

3ftC 

29A. ....... 

2&A 

30. ........ 

30 I 

34A..... 

34B .,..J 

IntUana:  i 

12.*, ' 

20 1 

Indinn  Tf^rritnry* 

2B .....J 

8 .1 

SB. ...I 

2B ...._.;, 

6 ,.......' 

Kentucky:  1 

3B.,.. ■ 

BA ....' 

B 

7A ... 

7A<i 

7B. „..,.. 
New  Mestifroj 
3C 


No.e 

.,.,do 

do...... 

,...,do...... 

No.S 

No.fi. 

No.  7....... 

No..'i.,.,*,. 

do 

Nii.7 

do...... 

No.  S.,...,, 
do 


Diitoof  U'iit. 


,„.do 

BrazU  Black,  J 

HuxtaliomiQ  , 

in 

Weir-PIUsburg 
„,,(lo.... 


Feb. 

■hiTi^ 
May 
May 
May 
Sept. 
Oct. 
Oct. 

Feb. 
Feb. 
Fob, 

Jan, 
Nov. 


1,1  WK> 
24,100fi 

29,19Qli 

13,1006 
1^,1900 
5.16017 
11,1M7 
15^1^ 
12,1007 

30400& 
lilWB 


I 


17* 
170 
lfi7 

1B3  I 

ITW 
188 

im 

1S4 


171 

irj 

}m 
w 

lfi8 
173 
17S 

im 

1B6 

m 
in: 


4A. 

1":::::::::::: 

Ohio:  I 

12... ' 

Peiuiaylvanla: 
12 

15, _. 

17.. 

m , 


Tenneaaoe: 
I 

5....... 


(7) 

in 

{7} 

a) 

MainRfttoa.or 
Loww  Lara- 
mie. 

...,*do 

do-. 

...*do 


No.ft- 


7B,,,.. 
8A,eiB. 


OB,«C,,. 

10 ,„ 

11 

Virginia: 

0 

Weit  Virginia 

aaA-„*._ 
33B 


Pittsburg 

B,  or  Milter.... 
lJpperFrBeiM>rt. 
Lower  KltUn- 
nlttg. 


Mingo,-... 

Bmaliy  Motin- 

tain. 
WUdOT,,...,.. 
FJj:Bt      above 


July  13,100Q 

I  July  1,  lft06 

Jan,  10,1907 

Jan.  2ljlOQ7 

Jan.  8, 1006 


Jan. 
Oct. 


lt»,19Q6 
1,1006 


Battle  Creek .  j 

in 


Feb.  10,1006 

Feb.  21,1906 

Feb.  17,1906 

Feb,  22,1906 

Feb.  10,1906 

June    fij  19Q6 


June  1^,1906 
June  g,1906 
June    2,1906 

Jaa.  25,1907 

Sept.  2DJ006 
FeU  4,1907 
Feb.  ft,  1907 
Jan.   20,  low 


June  12,1W6 

June  13,1«M* 

May  UlflOO 

May  ]5|lfl06 

May  10,3906 

June  14, 1906 

Sept.  Il,l60a 


No.  4. Feb.    1,1907 


(T) 

Odar  Grave. 


10. 


Oi-t.   25,l00(t 
8ept.  25,  lOOtt 


Jig  UBtxl. 


Aug.    7,IB0a  do.. 


Ptf^wart  . 
do_, 

....,dO-.. 

...-do... 

do... 

do... 

do... 

.....do... 

do... 

.....do... 
.special , . 
.....do.,. 
..,..do... 

Steiifart. 
do... 

do,.. 

,,..do... 

.  ....do.„ 
Stewart,. 

....do..- 
do... 

....do... 
,..,do... 
....do.,. 


.,..do.. 
....do.. 


...,do... 
...do.:. 
...,do... 

..-.do... 

....do,., 
special.,. 

do.,. 

,,..do... 


Stewart . 
....do... 


.do... 
.do.,. 

.do... 
.do... 
.do... 


Sped^... 

Stewart.. 
....do... 


Si£e  o(  fuel. 
(Seep.  4.) 


?& 


9C. 

L. 

r.o.ni. 
r.  0.  m, 
r,o,  m. 
L 


n. 

r,  o.  jn. 


cokttbr. 


r.  o.  m. 
i. 
No.l  n. 


9t. 

thf.  r\ 
tbr.  2". 
tbr.  2". 
tbr.  2'*. 
tbr.  2". 
act. 

tbr.2i^', 
tbr.  1". 
tbr.  1". 
tbr,  I". 

thr.  2". 

flC. 


tbr.  2". 


40. 00 
lOiOO 
0.37 
7.27 
$.00 
0.00 
12.00 
0,00 
2».75 
1^00 
13^45 
2456 
UOO 

20.00 

moo 

10.00 
lg.SO 

23,  Od 
30.00 
12.00 


3L»I 
7.  .50 
&33 
6.00 
S.QO 
7.77 
9,06 

3a7S 

n.fio 

10.10 
IP.  55 

11.  fit 

17.53 
2a  30 

1453 
16.15 

ISlIQ 
25l25 
11.00 


No.2n. 


r.  o.  m. 

r.o.m. 
r.  0.  m, 
r.  o.  m, 

T,  0*131. 


r.o.m. 
T.o^m. 


r.o.m. 


l"i. 


coke  br. 

tttr.  T'.  I 
tbr.  2". 
No.  In. 


9.56 
7.65 


12.  SO 


Ho.  3  a. 
a. 

tbr.  2". 
thr.  2". 


,U.75 
'21.50 


(laoo 
;i2.oo 

7,^ 


tbr.?",    61,710 


thr.  2". 
tbr.  1", 
tbr.  1'^ 
thr.  1". 


tbr.  2". 
tbr.  2". 

a. 
tbr.  2". 

*. 

l"s. 
e. 

thr.  1". 


10,00 

2a37 

7.2ft 

^22. 21 


laso 

0.22 

i£.fiO 
40,00 

30.25 
^1,00 

a  31 


Amount 

washed 

fui?l. 


7,84 
6.45 


10,73 

ft'ao 

10,00 


&i4 
10.50 
6.65 

5^10 

8,45 
Li  25 

«.30 
17.25 


9.»0 

aoo 

i&ao ! 
4a.oo 

7.21 

23.70 : 

13,75 


n.df9.    Im25  16.25 
n.&i,     18,00  jl^Ofi 

1.  m  2ft  120,08, 


79 
75 

HI* 

fa 
HP 

ft6 
74 

76 
70 

n 

81 
SO 

SO 

m 


70 
66 
02 


82 
S4 
"Stf 
"70 


SI 
SO 


80 
76 
87 
7S 


ft« 
87 


75 
78 
65 


&7£  '      ftl 


04 


71 


o  Destroyed  by  fire  when  plant  was  burned. 


WASHING    TESTS.  15 

Details  of  washing  tests,  Janicary  1,  1906^  to  June  SO,  1907 — Continued. 


1 

Amount 
of  refuse. 

Chemical  analyses  of  fuel  (per  cent) 

Reduction 
(percent). 

Actually 
removed 
(per  cent) . 

Raw. 

Washed. 

*» 

£ 

u 

£    ■ 

. 

1^ 

u 

!5 

If 

s 

14 

1 
o 

30.70 

it 

14  59 

3 

CO 

3 
*^ 

.2 
0 

i 

3 

CO 

4 
< 

3 
■3 

45 

3 

1 

163 

1.08 

3.95 

50.76 

1.12 

6.29 

9.39.!  1.22 

36 

1 

161 

.75 

8 

3.03 

30.94 

5.5. 31 

10.71 

.49 

5.82 

10.01  1     ..58 

7 

14 

159  1  1.26 

15 

6.43 

28.56 

52.09 

12.92 

1.08 

6.82 

38.1  I  1.03 

71 

5 

74 

i9 

195 

5.60 
3.39 

53.28 
63.57 

25.05 
26.20 

16.08 
6.84 

1.40 
.59 

1 

192 

1.25 

"'io' 

"6."  69* 

"476'    "..59" 

"'36' 

■37' 

'  "io 

187 

9.00 

50 

7.10 

30.97 

19.37 

42.56 

.82 

17.29 

29.67  1     .64 

30 

"22' 

65 

61 

187a 

2.20 

40 

7.10 

30.97 

19.37 

42.56 

.82 

22.73 

34.57  1     ..55 

19 

33 

51 

60 

139 

7.59 

25 

7  49 

15.16 

59.38 

17.97 

1.06 

6.32 

8.  62  i  1. 12 

52 

64 

21 

141 

6.00 

24 

6.89 

15.23 

62.88 

15.00 

2.24 

6.45 

7.19     1.89 

52 

"if/ 

64 

"36 

144 

1.71 

15 

5.19 

10.49 

70.31 

14  01 

2.05 

.5.03 

7.8.5     2.03 

44. 

1 

52 

17 

140 

9.97 

26 

5.26 

,    14.71 

,5,5.22 

24  81 

1.00 

7.78 

14  30 

.98 

42 

2 

57 

27 

142 

3.14 

10 

14.68 

31.32 

40.32 

13.68 

3.88 

16.80 

10.26 

3  21 

25 

17 

33 

25 

160 

1.18 

14 

15.30 

30.59 

43.40 

10.71 

1.43 

8.25 

ao9 

1.25 

25 

13 

35 

25 

151 

1.20 

12 

11.91 

35.  &5 

39.43 

13.01 

5.34 

14  02 

a  58 

3.69 

34 

31 

42 

39 

1.50 

4.00 

20 

13.03 

32.65 

39.79 

14  53 

4  35 

16.78 

9.99 

3.79 

31 

13 

45 

30 

146 

2.00 

14 

13.47 

34.35 

40.65 

11.53 

4  41 

13.81 

a  78 

3.44 

24 

20 

35 

31 

147 

8,50 

21 

15.68 

31.28 

37.4.5 

15.59 

3.98 

16.83 

a  75 

3.22 

44 

19 

56 

36 

169 

2.50 

25 

11.44 

33.93 

43.92 

10.71 

4  94 

15.10 

9.75 

3.18 

9 

36 

32 

52 

166  :  1.04 

11 

11.44 

33.93 

43.92 

10.71 

4  94 

14  36 

a  38  1  3. 31 

22 

33 

30 

41 

162  ;  1.27 

17 

11.35 

34.62 

40.63 

13.40 

4  76 

1414 

a  98     3.05 

33 

36 

44 

47 

164  :  1.00 

11 

15.68 

32.41 

39.82 

12.09 

3.  ,52 

1.5.96 

9.  40  I  2. 76 

22 

22 

30 

36 

165     1.22 

14 

16.00 

32.41 

37.82 

13.  77 

4a5 

16.11 

7.  76     3.  26 

43 

20 

52 

31 

181  ,  2.03 

26 

7.78 

29.85 

52.39 

9.98 

1.32 

9.75 

7.12     1.05 

29 

20 

47 

42 

183     2.12 

24 

13.10 

30.78 

40.12 

16.00 

417 

15.86 

7. 70     3. 06 

52 

27 

63 

44 

184     9.00 

30 

13.10 

30.78 

40.12 

16.00 

417 

.1.5.  86 

7.  70     3. 06 

52 

27 

66 

49 

190     3.40 

23 

11.69 

39.42 

3.5.70 

13.19 

4  38 

12.36 

9.  44  :  3. 26 

28 

26 

45 

40 

190a   2.35 

19 

11.69 

39.42 

3.5.70 

13.19 

4  38 

13.67 

7.89     3.15 

40 

28 

52 

42 

196     5. 10 

20 

9.33 

47.86 

30.92 

11.89 

2.76 

8.68 

7.44 

2.19 

37 

21 

50 

37 

197     2. 19 

15 

7.81 

50.27 

33.  ,54 

8.38 

2.36 

10.12 

6.52 

1.76 

21 

26 

34 

37 

U*!     2. 47 

11 

10.57 

3.5.30 

42.  75 

11.65 

3.87 

1416 

7.85 

3.29 

33 

15 

39 

24 

185     9. 70 

32 

16.91 

38.87 

26.85 

17.  .37 

1.89 

16.86 

7.09 

l.-3,5 

.59 

29 

72 

51 

176     4. 47 

22 

6.27 

32.37 

47.07 

14  29 

1.79 

6.61 

a  27 

l.,55 

42 

13 

->5 

32 

175     2. 65 

14 

3.77 

32.65 

51. 15 

.    13.43 

1.79 

8.97 

a  46 

1.56 

37 

13 

46 

25 

4.90 

21 

a  01 

45.22 

26.  .39 

20.38 

4  70 

12.11 

ass 

3.72 

56 

21 

62 

37 

191a  13. 75 

35 

8.01 

45.22 

26.39 

20.38 

4  70 

9.  .53 

10.87 

3.80 

47 

19 

65 

48 

148     1. 00 

8 

9.04 

29.69 

45.  .55 

15.  72 

5.01 

12.63 

10.16 

2.47 

35 

51 

41 

55 

143 
182 

46.30 
8.96 

26.10 
9.09 

44 

19 

i.'n" 

"is' 

"'fClb' 

"3.5.66 

"47.34' 

'  3.i4 

"7.' 22'    2.6i' 

'"i7' 

'34' 

"32 

149 
155 
152 
154 
153 

1.20 

16 

12.92 

33.64 

39.82 

13.62 

.5.03 

13.93 

9. 08     3.  62 

33 

28 

44 

40 

i.76 

"u 

*i6.'36" 

"29.' i2" 

"35.' 6i 

"io.'si' 

"3.53 

"i7.36 

'9.' 45'    3.64' 

"52' 

"i4' 

"'.58' 

"is 

2.45* 

"ill 

"i6.39' 

"29.' 6i' 

■34.' 42' 

"mis' 

"  3.i2 

"i9.'76' 

ii.'65"  '3.07' 

"*45 

"2 

"",56' 

"   "22 

168     2.50 

12 

4.36 

32.21 

47.  .51 

15.92 

.83 

6.01 

12.  43       .  71 

22 

15 

25 

25 

174     1.86 

19 

2.78 

34.31 

48.34 

14  57 

.61 

3.71 

11.39       ..58 

22 

5 

37 

23 

170     1. 50 

12 

3.38 

34.63 

48.45 

13.  .54 

.61 

5.97 

9.41       .65 

31 

39 

7 

167 

.85 

11 

2.72 

31.85 

.50.86 

14  57 

.69 

4  68 

11.87       .91 

25 

28 

193 

1.60 

24 

4.14 

47.18 

39.30 

9.38 

3.96 

6.85 

6. 19     3.  60 

33 

■     '9' 

50- 

""3i 

179 

2.15 

20 

1.96 

30.55 

58.24 

9.25 

2.19 

4  63 

6.40     1.39 

31 

37 

45 

49 

188 

5.12 

25 

3.13 

69.45 

17.61 

9.81 

3.77 

6.45 

5.38     1..53 

45 

.59 

.59 

62 

189       .98 

13 

4.35 

55.99 

27.76 

11.90 

1..51 

.5.18 

a02     1.16 

33 

23 

41 

33 

194  :  4.96 

22 

4.00 

69.57 

15.89 

10.  .54 

2.8.5 

6.48 

6.76  .  1.30 

36 

54 

.50 

6.5 

171  i  1.50 

14 

4.81 

32.91 

.51. 13 

11. 15 

1..58 

.5.28 

5.33  '  1.32 

52 

16 

58 

28 

172  !  1.22 

13 

5.59 

33.62 

51.03 

9.76 

.3.23 

,5.29 

5.  64     2.  46 

43 

24 

.50 

34 

156     5.00 

32 

7.88 

28.28 

46.43 

17.41 

3.43 

7.04 

10.12     2.26 

42 

34 

60 

.55 

157     6.00 

12 

3.12 

32.91 

49.85 

14  12 

4  74 

1.71 

9. 99     2. 94 

29 

38 

38 

45 

158  ;  2.  48 

23 

5.68 

25.36 

,50.41 

18.  .55 

.74 

4  02 

9. 91        .  85 

47 

60 

14 

173  '  6.55 

22 

2.92 

22.74 

.95 

7.02 

13.75       .98 

40 

.53 

20 

178  :  7.25 

35 

3.  .S3 

"26.75' 

'47.' 8.5' 

27.87 

.90 

5.  60 

13.47  ,     .92 

52 

69 

33 

198  ;  1. 56 

19 

5.62 

61.52 

23.07 

9.79 

1.21 

6.  .36 

4,38  ;  1.30 

57 

64 

13 

186    3.00 

15 

4.59 

.52.23 

33.38 

9.80 

l.Ol 

7.06 

5.  76  1     .97 

41 

■4 

.50 

19 

180 

1.01 

6 

3.25 

34  61 

54 .56 

7.  .58 

1.22 

4  24 

4.  87       .  93 

34 

24 

40 

29 

1T7 

a20 

29 

6.67 

31.61 

51.19 

10. 53 

1.  .55 

11.06 

6.38 

1.30 

39 

16 

57 

41 

16 


WASHING;  COKING,   AND   CUPOLA   TESTS. 
Details  of  special  washing  tests,  January  5  to  February  15,  1907. 


6 

and 
dufatian 

OJtMt. 

Float  aud  Htnk  testa  with  finer  t? 

nuthlng 

- 

^ 

** 

Anntyftlis  of  flout  (j^er  oeot) 

3 
1 

Field  No.offiieL 

t<Mt 

No. 

through 

Bouarp 

hole 

SpwSftf 
gmvity 

of 
»ohitJon 

Flnat 

(per 

oontK 

Sink 
cent). 

Ash. 

Sulphur. 

Pe- 

Rii- 

l^cu 

Ro- 

(inch). 

UHSd. 

ter- 

diic- 

ter^ 

d  no- 

^ 

Alabama: 



mined. 

tlon. 

mined. 

tion. 

f      1 

L35 

ftl 

to 

2.W 

86 

o.m 

42 

m 

&... 

Jan,  ik. 

' 

1.40 
145 

8.1 
,       S7 

lii 
13 

2,tt3 

84 
84 

.98 
LOA 

30 
3-1 

1      4 

L52 

S7 

13 

3.10 

HO 

L13 

10 

1      1 

1,3b 

^ 

13 

2,m 

50 

.M 

ILS 

al«2 

s , 

^»n>  12, 

2 

!;        L42 

IK) 

10 

3.  SI 

40 

.57 

4 

\  lihnnr* 

3 

1,4S 

ttl 

0 

3,43 

M 

.53 

10 

[      4 

Lm 

1        ^ 

6 

3.75 

m 

.5fi 

5 

Ai£«iitii)«' 

r   1 

hbh 

'        4,^ 

fi.5 

2a.r,« 

47 

.73 

la 

1ST 

1 

3 

1.5S 

SB 

41 

41 

24,9*1 

27.  f* 

41 

3A 

■M 

12 
12 

4 

1.70 

m 

39 

27.90 

34 

,70 

12 

lUinnts; 

f    1 

1.3G 

13 

27 

7.10 

40 

3,29 

23 

190 

30,. „. 

>    hour*. 

a 

1.41 

^ 

18 

R.m 

34 
31 

120 
3.33 

33 
23 

3 

1,47 

ss 

13 

PI  SB 

4 

L56 

90 

10 

0.5« 

27 

3.41      :a 

'      1 

i.3B 

M 

m 

&07 

4fl 

LOO  '      31 

100 

34A...,,... 

/  W^h.  U. 

2 

L41 

§8 

13 

fll2 

48 

L83  1      34 

1  H  hnur« 

3 

).i1 

90 

10 

7.00 

41 

2. 18  1      21 

4 

IM 

02 

8 

7,10 

4i) 

L07  ,      20 

I 

1 

13S 

J*7 

13 

,i.&l 

29 

L71  '      2B 

a  197 

MB 

iFVh.  13. 

2 

3 

1 

K41 
L4ft 

00 
92 

10 
8 

»\1S 
*V30 

27 
2ti 

l,tt4  '      31 
1.68  1      20 

4 

1 

LSI 

02 

8 

7,23 

14 

2,17  1        8 

Katutfta: 

f      I 

Slack. 

IJW 

m 

34 

4.48 

78 

2,ti3 

44 

1*1 

2B ,.„ 

IJan.  10. 

2 

filaek. 
aia4>k. 

i.41 

74 

2BI 

/i.ai 

74 

3.78 

41 

3  , 

1.47 

7S 

2*1 

,•5.73 

72 

3r    10                            lS£ 

4 

Slack, 

L£4j 

gl 

10 

^1« 

70 

3.31        m 

Ohio: 

r    I 

L3fl 

7T 

*^ 

.112 

^-i 

pi23l      18 

103 

la... 

tun.  %% 
\  Ihour. 

^ 

02 

U 

1^.  43 

^ 

3.tS3  1        tl 

1       3 

8 

fi,7H 

3.HS 

£ 

1      J 

1        I<^ 

04 

8 

7.-n 

22 

3.08 

PennMylvAolA : 

1 

1 

^35 

T2 

'J8 

,^47 

44 

L30 

W 

■  ISS 

13. 

a 

3 

1,41 

78 
SO 

21 
20 

5,27 
5.54 

Hi 
13 

1.45 
1..54 

H2 

50 

4 

1         ),.12 

HI 

10 

r>,2ti 

;oi 

1,71 

.W 

1 

i.s.'i 

>^ 

U 

5.14 

57 

LOO 

31 

tm 

If........... 

iFeh.   &, 

-J 

,      L4n 

00 

m 

5.  te 

S2 

1,08 

28 

3 

\.4^ 

01 

0 

a  20 

48 

1.20         It 

4 

'      i..ia 

01 

0 

7.51 

37 

L13        35 

1 

1      Li-i 

8a 

17 

4,a'i 

53 

.03  1      67 

»ig4 

an  ..., 

1  12|  haura 

2 

1        L42 

88 

V2 

A.  0(5 

4(1 

L24         57 

3 

L^-i 

N8 

13 

4.  72 

.Vj 

i.na  ,     M 

4 

J..^ 

m 

a 

ft  07 

42 

Lno      m 

VlfglTUft: 

1, 

1 

l;I5 

K4 

18 

■J,  *x\ 

.'■*4 

.^S  '      21 

al08 

f>.. .......... 

2 

1        i  41 

85 

L^ 

2,08 

4M 

.02  .      24 

3 

1.4a 

8.-^ 

IS 

144 

^ 

.Ol^         21 

4 

1.&3 

87 

la 

a,r»3 

41 

,07 

20 

a  Finer  crushing  advantageous. 


WASHING    TESTS. 
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Details  of  special  washing  ie^ts,  January  5  to  February  /.5,  i907 — Continued. 


i  ! 
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COKING  TESTS. 


By  A.  W.  Belden. 


EQUIPMENT. 


The  ovens  in  which  the  tests  of  the  coking  qualities  of  coals  have 
been  made  are  of  the  regular  beehive  pattern.  Of  the  battery  of  three 
ovens  two  are  of  standard  size,  12  feet  in  diameter  and  7  feet  high, 
the  third  is  12  feet  in  diameter  and  6  feet  4  inches  high.  This  change 
was  made  by  raising  the  bottom  of  one  of  the  standard  ovens  8  inches 
with  well-tamped  loam  and  bottom  tile  of  the  usual  size.  The  object 
of  the  change  was  to  bring  the  charge  nearer  the  dome  of  the  oven* 
and  effect  a  more  rapid  penetration  of  heat. 

For  the  first  nineteen  tests  the  small  oven  only  was  used.  In  the 
twentieth  charge  one  of  the  7-foot  ovens  was  blown  in,  and  two  ovens 
were  used  continuously  during  the  remainder  of  the  work — one  of  each 
size.  Owing  to  the  small  supply  of  coal  it  has  not  been  possible  to  use 
more  than  two  ovens,  and  they  may,  therefore,  be  considered  as  end 
ovens.  Some  suppose  that  end  ovens  yield  results  less  favorable 
than  those  from  ovens  located  between  other  heated  ovens,  but, 
even  if  this  supposition  is  correct,  the  difference  is  fully  balanced  by 
the  greater  care  bestowed  on  these  experimental  ovens  as  compared 
with  ovens  operated  under  normal  conditions.  As  both  of  the  ovens 
used  are,  in  the  sense  indicated,  end  ovens,  the  results  obtained  in  each 
are  comparable  one  with  the  other. 

In  charging  the  ovens  for  the  first  nineteen  tests  the  larry  used  held 
less  than  1  ton.  This  necessitated  the  filling  and  emptying  of  the 
larry  six  to  eight  times  before  the  charge  was  completed.  Each  por- 
tion thus  became  hot  and  began  invariably  to  gas,  and  often  to  blaze 
before  the  next  portion  of  the  charge  was  added.  This  unfortunate 
state  of  affairs  is  believed  to  be  responsible,  at  least  in  some  measure, 
for  cross  lamination  and  cross  breakage  of  the  coke,  layers  of  coal  as 
charged  showing  plainly  in  many  of  these  tests  in  each  oven  drawn. 
The  average  time  of  charging  with  this  device  was  about  one  hour. 
After  the  nineteenth  charge  a  standard-size  larry  was  installed  and  the 
time  of  charging  was  reduced  to  an  average  of  seven  minutes.  With 
this  change  the  lamination  and  cross  breakage  referred  to  disappeared, 
showing  that  the  whole  charge  should  be  put  in  at  once. 
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PERSONNEL. 

The  writer  took  charge  of  this  work  in  May,  1905,  succeeding  Fred 
W.  Stammler,  of  Johnstown,  Pa.  He  was  assisted  by  W.  E.  Vickers, 
of  Pocahontas,  Va.,  to  whom  in  large  measure  is  due  whatever  suc- 
cess has  been  obtained  during  these  investigations. 

PROCEDURE  OF  TESTS. 

All  coal  was  finely  crushed  through  a  Williams  mill  unless  other- 
wise tested  for  definite  comparison  of  results,  and  these  exce])ti(ms 
are  noted  in  the  subjoined  detailed  report  (pp.  21-26).  The  coals 
not  crushed  were,  when  unloaded  from  the  cars,  put  through  rolls 
having  an  aperture  of  1}  inches.  The  coals  put  through  the  Williams 
mill  will  vary  somewhat,  depending  on  the  nature  of  the  coal,  but  will 
practically  all  pass  through  a  10-mesh  sieve,  as  shown  by  the  following 
report  by  the  laboratory  on  an  average  sample:  Amount  remaining 
on  10-mesh,  15.08  per  cent;  on  20-mesh,  35.71  per  cent;  on  30-mesh, 
12.89  per  cent;  on  40-mesh,  8.53  per  cent;  on  60-mesh,  9.33  per  cent; 
on  100-mesh,  9.13  per  cent;  through  100-mesh,  9.33  per  cent. 

Both  the  door  and  the  trunnel  head  of  the  oven  were  always  closed 
directly  after  the  oven  was  drawn  and  it  was  allowed  to  gather  heat, 
the  length  of  time  varying  as  necessity  demanded.  The  average  time 
was  one  and  one-half  hours. 

The  sample  of  coal  was  taken  at  regular  intervals  as  the  charge  was 
emptied  from  bin  to  larry,  by  means  of  a  small  shovel  holding  about 
one-fourth  pound.  The  total  weight  of  the  sample  averaged  45 
pounds. 

The  sample  of  coke  was  taken  from  five  different  parts  of  the  oven, 
as  nearly  as  possible  from  the  same  location  for  each  test,  as  follows: 
2  feet  from  the  oven  door;  2  feet  from  each  side,  on  a  line  drawn  from 
the  center  of  the  oven;  at  the  center;  and  2  feet  from  the  back  wall, 
on  a  line  with  the  point  of  selection  of  the  pieces  taken  from  the  door 
and  the  center.  The  separate  pieces  of  coke  extended  the  whole 
height  of  the  charge  and  were  as  nearly  uniform  in  size  as  })ossible. 

In  beginning  the  series  of  tests,  before  the  ovens  were  fully  seasoned, 
the  first  charges  showed  a  rather  large  percentage  of  breeze,  and  black 
butts  due  to  cold  bottom  were  produced.  It  was  unfortunate  that 
these  first  tests  should  have  been  made  on  coals  that  were  supposedly 
noncoking,  as  the  condition  of  the  oven  did  not  permit  it  to  give  as 
effective  service  as  it  would  probably  have  given  under  other  and 
more  favorable  conditions. 

EXTENT  OF  TESTS. 

In  the  scope  of  this  report,  covering  the  period  from  July  7,  1905, 
to  February  20,  1907,  are  included  results  from  192  tests  of  102  coals 
from  seventeen  States  and  one  Territory,  as  shown  in  the  accom- 
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panying  table.  Of  these  tests,  100  were  made  on  raw  coal,  82  on 
washed  coal,  1  on  raw  coal  with  the  addition  of  pitch,  6  on  washed 
coal  with  the  addition  of  pitch,  1  on  washed  coal  with  the  addition' of 
asphalt,  and  2  on  coals  of  widely  varying  composition.  Of  the  102 
different  coals,  8,  viz,  Arkansas  No.  9,  Illinois  No.  19,  Indiana  Nos.  3 
and  18,  Ohio  No.  3,  Maryland  No.  1,  and  Wyoming  Nos.  3  and  5, 
produced  no  coke.  Arkansas  No.  9  and  Maryland  No,  1  were  coked 
by  the  addition  of  pitch  to  washed  coal.  Four  tests  were  made  on 
Pennsylvania  No.  9  (pp.  24,  32,  41 ) ;  two  tests  with  raw  coal  gave  only  a 
few  pieces  of  coke ;  a  third,  with  washed  coal,  produced  coke  of  inferior 
quality;  and  the  fourth,  with  the  addition  of  5  per  cent  pitch  to  raw 
coal,  produced  coke  of  no  better  quality  than  that  from  washed  coal. 
Of  Indiana  No.  3,  Ohio  No.  3,  and  Wyoming  Nos.  3  and  5,  there  was 
not  enough  for  further  tests. 

TABULATION  OF   RESULTS. 

The  results  of  the  coking  tests  will  be  found  in  the  detailed  report 
on  each  sam})le,  presented  below.  For  convenience  of  comparison 
data  are  given  as  to  the  yield  of  dry  coke  from  dry  coal  as  well  as  coke 
as  received  from" coal  as  charged.  The  analyses  of  both  coal  and  coke 
as  received  and  on  dry  basis  are  also  given.  No  distinction  is  made 
between  breeze  and  ash,  as  it  was  found  impossible  to  separate  them 
with  any  degree  of  accuracy,  and  both  are  represented  in  this  report 
in  the  item  ^'breeze."  This  breeze  includes  everything  that  will  pass 
through  a  fork  with  tines  1 J  inches  apart,  after  thorough  shaking,  and 
its  percentage  is  much  higher  than  that  from  regular  operations,  but 
is  comparable  in  all  tests.  It  was  not  deemed  necessary  or  advisable 
to  size  the  coke,  and  under  this  caption  is  included  everything  over 
the  IJ-inch  tine  fork.  Except  in  a  few  special  cases  the  determina- 
tion of  phosphorus  was  not  made  on  coke  having  over  2  per  cent  of 
sulphur,  and  when  more  than  one  test  was  made  on  a  coal  in  the  same 
condition  this  determination  was  also  omitted. 
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DESCRIPTIONS  OF  COKE  AND  REMARKS. 

The  following  notes  are  given  to  supplement  the  information 
contained  in  the  preceding  table: 

''Cell  structure*'  refers  to  the  general  appearance  as  to  size  and 
not  to  the  number  of  cells  as  given  by  percentage  of  cells  by  volume. 
In  many  tests  the  cell  structure  as  determined  from  general  appear- 
ance is  small  when  the  percentage  by  volume  indicates  quite  the 
reverse.     (See,  for  example,  test  29,  Pennsylvania  No.  8  coal,  p.  24.) 

Alabama  No.  2  B, — Test  142:  Soft,  dense  coke;  dull  appearance;  cell  structure  very 
small;  breakage,  lumps  of  irregular  size;  1-inch  black  butts. 

Alabama  No.  3. — Test  138:  Dark-gray  color,  some  deposited  carbon;  cell  structure 
good;  breakage  good;  long,  large  pieces;  good,  hard,  heavy  coke,  with  excep- 
tion of  }-inch  black  butts,  which  should  be  easily  removed;  ash  high;  washing 
would  probably  reduce  ash  and  improve  quality  of  coke. 
Test  139:  Light-gray  color,  some  silvery  deposit  of  carbon;  good  ring;  cell  struc- 
ture good;  breakage  good;  long,  Iftrge  pieces;  good,  strong,  hard,  heavy  coke; 
improved  very  materially  by  washing. 

Alabama  No.  4- — ^Test  131:  Light-gray  and  silvery  color;  metallic  ring;  cell  structiire 
good;  breakage  somewhat  cross  fractured,  but  pieces  of  good,  large,  uniform 
size;  good,  strong,  heavy  coke;  ash  high;  probably  could  be  reduced  by  washing. 
Test  136:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  rather  large; 
breakage  somewhat  cross  fractured,  but  pieces  of  good,  uniform  size;  good, 
strong  coke;  ash  very  materially  reduced  by  washing. 

Alabama  No.  5. — Test  171:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure 
good;  breakage  good;  uniform  size;  ash  and  sulphur  high,  both  would  probably 
be  reduced  by  washing. 

Alabama  No.  6. — Test  172:  Light-gray  and  silvery  color;  metallic  ring;  cell  structiire 
good;  breakage  somewhat  cross  fractured,  but  pieces  of  good,  uniform  size; 
good,  heavy  coke. 
Test  174:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  good;  breakage 
somewhat  cross  fractured,  but  pieces  of  good,  uniform  size;  good,  heavy  coke, 
somewhat  better  than  coke  from  raw  coal,  but  low  ash  and  sulphur  of  this  coal 
would  not  warrant  washing. 

Arkansas  No.  1  B. — ^Test  95:  Dull-gray  color;  soft,  dense,  punky  coke;  cell  structure 
very  small;  breakage  very  bad  and  irregular;  large  and  small  chunks. 
Test  96:  Dull-gray  color;  soft,  dense,  punky  coke,  with  no  apparent  cell  structure; 
drawn  from  oven  in  large  and  small  chunks,  very  easily  crushed;  test  was  run 
slowly  and  high  enough  heat  was  not  obtained,  which  accounts  for  the  large 
percentage  of  breeze. 
Test  97:  Dull-gray  color;  soft,  dense  coke;  cell  structure  small;  better  than  coke 

from  washed  coal. 
Test  100:  Dull-gray  color;  soft,  dense,  punky  coke;  possibly  little  better  than 
coke  from  this  coal,  with  addition  of  10  per  cent  of  pitch. 

Arkansas  No.  7  B. — ^Test  1()4:  Dull,  dark  color;  very  soft,  light-weight  coke;  no  appar- 
ent cell  structure;  drawn  from  oven  in  large  and  small  lumps;  bottom  6  inches 
did  not  coke,  burning  to  ash,  all  volatile  being  expelled,  but  did  not  stick 
together. 
Teet  105:  Soft,  dense,  punky  coke;  drawn  from  oven  in  large  and  small  chunks; 
somewhat  better  and  heavier  than  coke  from  coal  containing  no  pitch. 

Arkansas  No.  9. — Teet  98:  No  coke  produced;  charge  ashed  over  top  and  down  about 
5  inches. 
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Arkansas  No.  9. — Test  99:  No  coke  produced;  ashed  down  about  4  inches. 
Test  101:  No  coke  produced;  ashed  down  about  6  inches. 
Test  102:  Soft,  dense,  punky  coke;  drawn  from  oven  in  large  and  small  chunks. 
Test  103:  Soft,  dense,  punky  coke;  drawn  from  oven  in  large  and  small  chunks; 
high  yield  of  breeze,  due  to  large  amount  of  coal  whose  volatile  was  expelled, 
not  sticking  together;  5  per  cent  of  pitch  not  sufficient  for  this  coal. 
Georgia  No.  1. — Test  173:  Poor,  dense  coke;  large  pieces  of  irregular  size;  ash  high; 

probably  reduced  ash  and  materially  improved  by  washing. 
Illinois  No.  7  D. — Test  1:  Good,  hard  coke  with  medium  cell  structure;  breakage 
straight  and  long.    This  was  the  first  charge  after  firing  ovens,  and  results  were 
not  as  good  as  might  be  expected. 
Test  4:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  good;  breakage 
somewhat  marred  by  cross  fracture,  but  pieces  of  good  size;  good,  strong  coke, 
much  improved  by  washing. 
Illinois  No.  11  D. — Test  5:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure 

good;  breakage,  good  long  pieces;  good,  strong  coke. 
Illinois  No.  IS. — Test  2:  Dull-gray  color;  cell  structure  good;  breakage  marred  by 
cross  fracture,  probably  due  to  successive  charging  of  small  portions. 
Test  3:  D\ill-gray  color;  cell  structure  small;  cross  breakage  more  pronounced  than 
from  washed  coal. 
Illinois  No.  16. — Test  7:  Accident  to  charging  larry  necessitated  discontinuing  test. 
Coal  burned  to  keep  oven  hot.. 
Test  10:  Dull-gray  color;  cell  structure  small. 
Illinois  No.  19  A. — Tests  11,  15,  and  19:  No  coke  produced;  the  whole  charge  was 

burned  and  volatile  was  expelled,  but  the  residue  would  not  bind  together. 
Illinois  No.  20. — Test  106:  Dull-gray  color;  cell  structure  small;  breakage  bad;  sepa- 
rate and  distinct  cross  fracture  all  over  oven,  coking  in  layers;  ash  and  sulphur 
high. 
Test  107:   Dull-gray  color;   some  little  deposit  of  carbon;   metallic  ring;   cell 
structure  small,  but  not  dense;  breakage  somewhat  marred  by  cross  fracture; 
pieces  of  good  size;  great  improvement  over  former  test;  ash  and  sulphur  high. 
Illinois  No.  fi.— Test  126:  No  coke  produced. 

Test  137 :  Burned  very  vigorously  for  12  hours,  afterwards  falling  off  rapidly  to  small 
candles  all  over  surface  of  charge;  when  pulled,  after  45  hours,  product  was  mix- 
ture of  unburned  coal  and  slightly  coherent  mass  of  coal  of  original  size  showing 
.     no  trace  of  cell  structure;  all  volatile  apparently  expelled. 
Illinois  No.  22  B. — Test  117:  Dull-gray  color;  cell  structure  medium;  breakage  very 
irregular,  probably  owing  to  high  amount  of  slate;  poor  coke;  heavy  clinker 
over  whole  surface;  ash  and  sulphur  high. 
Test  118:  Light-gray  color;  upper  12  inches  fingered,  two  6-inch  sections  below 
in  chunks;  upper  12  inches  had  metallic  ring  and  good  cell  structure;  the  remain- 
ing coke  poor.     This  oven  was  held  72  hours  on  account  of  accident.     Under 
more  favorable  conditions,  the  whole  charge  would  have  probably  been  better 
coke.    Ash  and  sulphur  high. 
Illinois  No.  23  A. — Test  111:  Light-gray  color;  some  silvery  deposit  of  carbon;  cell 
structure  a  little  large;  breakage  large-fingered  pieces;  metallic  ring;  ash  and 
sulphur  high. 
Illinois  No.  2S  B. — Test  112:  Light-gray  color;  a  little  silvery  deposit  of  carbon;  metal- 
lic ring;  cell  structure  a  little  large;  breakage,  long,  thin  pieces;  larger  charges 
would  probably  make  better  coke;  ash  and  sulphur  high. 
Test  114:  Light-gray  color;  a  little  silvery  deposit  of  carbon;  metallic  ring;  cell 
structure  good;  breakage,  long,  thin  pieces  and  large  6-inch  chunks;  bottom 
very  hot;  bottom  6  inches  probably  coked  upward;  ash  and  sulphur  high. 
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Illinois  No,  24  A. — Test  119:  No  coke  produced;  ashed  down  about  4  inches. 

Test  155:  No  coke  produced;  all  volatile  driven  off ;  high  heat  of  by-product  ovens 
quickly  applied  might  produce  coke. 

Illinois  No,  24  B, — Test  145:  Dull-gray  color;  practically  no  cell  structure;  barely 
stuck  together;  very  poor,  dense  coke,  with  high  sulphur. 

Illinois  No.  25  A. — ^Test  120:  No  coke  produced. 

Test  140:  Dull-gray  calor;  cell  structure  small;  soft,  dense  coke;  breakage  poor; 
two  distinct  layers  of  16  inches  and  8  inches,  the  lower  coming  out  in  chunks; 
high  ash  and  sulphur. 

Illinois  No.  26. — Test  143:  Dull-gray  color,  soft,  dense  coke;  breakage  poor;  practi- 
cally no  cell  structure;  ash  and  sulphur  high. 

Illinois  No.  27. — ^Test  144:  Poor,  soft,  dense  coke;  breakage  poor;  sulphur  high. 

Illinois  No.  28  C. — Test  166:  Dark-gray  color;  cell  structure  small;  breakage,  good, 
uniform  size. 

Illinois  No.  29  A. — Test  169:  Dark-gray  color;  drawn  from  oven  in  three  distinct 
layers;  breakage  poor;  large  chunks  and  small-fingered  pieces;  poor,  dense 
coke;  high  sulphur. 
Test  170:  Dull-gray  color;  some  silvery  coloration;  metallic  ring;  drawn  from 
oven  in  6-inch  chunks  of  practically  uniform  size;  cell  structure  good;  more 
rapid  burning  and  higher  heat  produced  gave  much  better  coke  than  former 
charge;  sulphur  high. 

Illinois  No.  34  B. — Test  190:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure 
a  little  large;  breakage  good;  uniform-sized  pieces;  yield  low  on  account  of 
burning,  but  could  be  easily  increased  on  better  acquaintance;  good  coke; 
sulphur  high. 

Indiana  No,  3. — Test  14:  No  coke  produced;  ashed  down  about  10  inches  and  blaze 
lost. 

Indiana  No.  4- — Test  6:  Light-gray  color;  cell  stnicture  a  little  large;  breakage  some- 
what marred  by  cross  fracture. 
Test  9:  Light-gray  and   silvery  color;  metallic   ring;  fine-fmgered   pieces;  cell 
structure  large;  ash  and  sulphur  reduced  by  washing. 

Indiana  No.  5. — Test  8:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure 
large;  breakage,  good,  long  pieces;  good  coke. 

Indiana  No.  6. — Test  12:  Light-gray  and  silvery  color;  cell  structure  good;  breakage 
good;  metallic  ring;  good  coke,  but  ash  and  sulphur  high. 

Indiana  No.  7  A. — Test  13:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure 
large;  breakage  somewhat  marred  by  cross  fracture,  somewhat  brittle;  ash  and 
sulphur  high. 

Indiana  No.  9  A. — Test  16:  Light-gray  and  silvery  color;  cell  structure  small;  breakage 
somewhat  marred  by  cross  fracture,  brittle;  ash  and  sulphur  high. 

Indiana  No.  9  B. — Test  17:  Light-gray  and  silvery  color;  cell  structures  mall;  long- 
fingered,  heavy  coke;  high  ash  and  sulphur. 
Test  18:  Light-gray  and  silvery  color;  metallic  ring;  breakage  somewhat  brittle; 
cell  structure  good;  ash  and  sulphur  somewhat  reduced  by  washing,  but  still 
high. 

Indiana  No.  11  D. — Test  51:  Light-gray  color;  metallic  ring,  breakage,  long,  fine- 
fingered  pieces;  cell  stnicture  medium. 

Indiana  No.  12. — Test  108:  Light  gray,  with  a  little  silvery  coloration;  metallic  ring; 
cell  structure  a  little  large;  breakage,  good-sized  pieces;  ash  and  sulphur  high. 
Test  109:  Light-gray  color;  some  silvery  deposit  of  carbon;  cell  structure  large; 
breakage,  good-sized  pieces;  ash  and  sulphur  reduced  by  washing,  but  still  high. 
Test  110:  Light-gray  color;  some  silvery  deposit  of  carbon;  breakage  practically 
the  same  as  in  test  109;  somewhat  larger  size;  cell  structure  not  quite  so  large; 
metallic  ring;  good  weight;  ash  and  sulphur  high. 
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Indiana  No.  17. — Test  163:  Dark-gray  color;  breakage,  large  pieces  of  irregular  size; 

cell  structure  large;  ash  and  sulphur  high. 
Indiana  No,  18  A. — Test  158:  No  coke  produced;  ashed  down  about  3  inches,  and  blaze 

lost. 
Test  168:  No  coke  produced. 
Kansas  No.  6. — ^Test  113:  Light-gray  color,  some  silvery  coloration ;  cell  structure  good ; 

breakage  good;  long,  large,  heavy  pieces;  heavy  clinker  over  whole  surface  of 

coke;  ash  and  sulphur  high;  washing  would  probably  reduce  ash  very  materially, 

and  produce  better  grade  of  coke. 
Test  n5:  Light-gray  and  silvery  color;  metallic  ring;  breakage  good ;  long,  large, 

heavy  pieces;  cell  structure  good;  strong  heavy  coke;  washing  reduces  ash  and 

sulphur,  but  both  still  high. 
Kentticky  No.  1  B. — Test  76:  Light-gray  and  silvery  color;  much  deposited  carbon; 

metallic  ring;  cell  structure  good;  a  fine-fingered  coke;  breakage  bad,  brittle. 
Kentucky  No,  1  C. — ^Test  71:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure 

a  little  large;  breakage,  long,  thin-fingered  pieces;  good  coke,  but  very  brittle. 
Kentucky  No,  5. — Test  75:  Light-gray  and   silvery  color;  much   deposited   carbon; 

metallic  ring;  cell  structure  good;  breakage  bad,  very  brittle. 
Kentucky  No,  6. — Test  86:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure 

small;  breakage,  long,  fine-fingered  pieces,  very  brittle. 
Test  90:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  small;  breakage 

bad,  brittle;  fine-fingered  coke. 
Kentucky  No,  7. — Test  85:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure 

good;  breakage  good;  long,  large  pieces;  coke  contains  a  large  amount  of  hard 

clinker  on  top  and  through  cracks;  good  weight  coke;  ash  and  sulphur  high. 
Kentucky  No,  8. — Test  164:  Dark-gray  color,  with  some  little  silvery  deposit  of  car- 
bon; cell  structure  large;  breakage  good;  regular-sized  pieces. 
Test  165:  Light-gray  color;  breakage  good;  large  pieces  of  regular  size;  cell  struc- 
ture a  little  large;  some  little  improvement  over  test  No.  164. 
Kentucky  No,  9  ^.— Test  167 :  Light-gray  color,  with  black  top  and  some  silvery  deposit 

of  carbon;  cell  structure  good;  breakage,  long-fingered  pieces;  sulphur  high. 
Maryland  No.  1, — Tests  50,  54:  No  coke  produced. 

Test  58  (with  10  per  cent  pitch):  Dull-gray  color;  cell  structure  small;  breakage, 

large  and  small  chunks;  poor,  soft  coke. 
Missouri  No.  5. — Test  116:  Light-gray  and  silvery  color;  cell  structure  good;  breakage 

somewhat  cross  fractured  but  pieces  of  good,  large  size;  good  weight  coke;  ash 

and  sulphur  high. 
New  Mexico  No,  S  B, — Test  148:  Light-gray  color,  some  silvery  deposit  of  carbon; 

metallic  ring;  cell  structure  medium;  breakage  good;  long,  large  pieces;  good, 

heavy  coke,  but  ash  high. 
Test  149:  Light-gray  color;  some  silvery  deposit  of  carbon;  metallic  ring;  cell 

structure  medium;  breakage  good;  long,  large  pieces;  good,  heavy  coke;  ash 

reduced  by  washing,  but  still  high. 
New  Mexico  Nos.  S  By  4  B,  and  5. — Test  152:  Light-gray  and  silvery  color;  metallic 

ring;  cell  structure  good ;  breakage  good ;  long,  large  pieces;  good,  strong,  heavy 

coke. 
Neu^  Mexico  No,  4  B. — Test  150:  Light-gray  color;  silvery  deposit  of  carbon;  metallic 

ring;  cell  structure  good ;  breakage  somewhat  cross  fractured,  but  pieces  of  good , 

large,  uniform  size;  good,  heavy  coke;  high  ash. 
Test  151:  Light-gray  and  silvery  color;  large  deposit  of  carbon;  metallic  ring; 

cell  structure  good;  breakage  good;  lo.  ▼,  large  pieces;  good,  strong,  heavy  coke; 

ash  reduced  by  washing. 
New  Mexico  No,  5, — Test  146:  Light-gray  color;  cell  structure  a  little  large;  breakage 

somewhat  marred  by  cross  fracture;  good,  heavy  coke;  ash  high;  blaze  lost 

after  15  hours,  and  necessary  heat  not  attained. 
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New  Mexico  No,  5. — Test  147:  Light-gray  color,  some  silvery  deposit  of  carbon; 
metallic  ring;  cell  structure  a  little  large;  breakage  good;  long,  large,  heavy 
pieces;  ash  reduced  by  washing,  but  still  high. 

Ohio  No.  1. — Test  24:  Light-gray  and  silvery  color;  metallic  ring;  breakage  good;  fine- 
fingered  pieces;  cell  structure  good;  good  weight  coke;  high  sulphur. 

Ohio  No,  2. — ^Test  27:  Dull-gray  color;  cell  structure  close;  poor  coke,  soft  and  easily 
broken. 

Ohio  No.  S. — Test  31:  Charge  burned  to  ash. 

Ohio  No.  4' — ^Test  28:  Light-gray  and  silvery  color;  metallic  ring;  breakage  good; 
long,  large  pieces;  cell  structure  good;  very  heavy;  sulphur  high. 

Okio  No,  5. — ^Test  22:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  good ; 
long-fingered  coke,  brittle. 

Ohio  No.  6. — Test  59:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  a 
little  large;  breakage  good;  large,  long,  heavy  pieces;  high  sulphur. 
Test  66:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  large;  break- 
age somewhat  crosswise,  but  good-sized  pieces;  ash  and  sulphur  reduced  by 
washing,  but  sulphur  still  high. 

Ohio  No.  7. — ^Test  89:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  a 
little  large;  breakage  good;  long  pieces;  large-fingered  coke;  high  sulphur. 
Test  94:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  a  little  large; 
breakage  fine-fingered;  very  brittle;  ash  and  sulphur  reduced  by  washing,  but 
sulphur  still  high. 

Ohio  No.  8. — Test  81:  Light-gray  color;  metallic  ring;  breakage  long,  thin  pieces; 
cell  structure  small;  fingered  coke,  very  brittle;  ash  and  sulphur  high. 
Test  93:  Light-gray  color,  with  black-fused  bottom,  not  a  butt;  metallic  ring;  cell 
structure  small.  About  three-fourths  of  oven  coked  up  8  inches,  and  the  upper 
16  inches  coked  down,  showing  clear  demarcation;  the  lower  8  inches  in  chunks, 
the  upper  16  inches  fingered;  very  brittle;  ash  and  sulphur  reduced  by  wash- 
ing, but  sulphur  high. 

Ohio  No,  9  A. — Test  72:  Light-gray  and  silvery  color;  metallic  ring;  breakage  long 
and  thin  pieces;  fine-fingered  coke,  very  brittle;  sulphur  high. 

Ohio  No,  9  B. — ^Test  55:  Dull-gray  color;  cell  structure  small;  breakage  bad;  very 
brittle;  ash  and  sulphur  high. 
Test  57:  Light-gray  color;  metallic  ring;  cell  structure  good;  breakage  bad;  fine- 
fingered  coke,  very  brittle;  sulphur  high;  ash  greatly  reduced  by  washing. 

Ohio  No.  12. — Test  180:  Light-gray  color;  some  silvery  deposit  of  carbon;  metallic 
ring;  cell  structure  large;  breakage  somewhat  cross  fractured ;  sulphur  high. 

Pennsylvania  No.  5. — ^Test  25:  Light-gray  and  silvery  color;  much  deposited  carbon; 
metallic  ring;  cell  structure  a  little  large;  breakage  good;  long,  large  pieces; 
good,  heavy  coke. 
Test  26:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  good;  breakage 
good;  long,  large  pieces;  good,  heavy  coke;  ash  and  phosphorus  reduced  by 
washing,  the  phosphorus  over  50  per  cent. 

Pennsylvania  No.  6. — Test  32:  Light-gray  and  silvery  color;  much  deposited  carbon; 
metallic  ring;   cell  structure  good;   breakage  good;   long,  large  pieces;    very 
heavy  coke;  sulphur  and  ash  high. 
Test  34:  Light-gray  and  silvery  color;  metallic  ring;  cell  stnicture  good;  break- 
age somewhat  irregular,  but  not  so  good  as  from  raw  charge;  very  heavy  coke; 
ash  and  sulphur  reduced  by  washing. 
Test  35:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  good;  break- 
age good;   long,  large  pieces;  very  heavy;  ash  and  sulphur  high. 
Test  38:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  a  little  small; 
breakage  good;  ash  and  sulphur  reduced  by  washing. 
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Pennsylvania  No.  6. — Test  41:  Light-gray  and  silvery  color;  much  deposited  carbon; 

metallic  ring;  cell  structure  small;  breakage  good ;  long,  large  pieces;  very  heavy; 

ash  and  sulphur  high. 
Penngylvanxa  No.  7. — Test  30:  Light-gray  color;  cell  structure  small;  breakage  long 

and  irregular,  but  in  large  pieces;  very  heavy;  ash  and  sulphur  high. 
Test  33:   Light-gray  color;  breakage,  large  and  small  lumps,  very  irregular;  cell 

structure  small;  coke  heavy;  sulphur  reduced  by  washing;  ash  not  materially 

affected. 
Pennsylvania  No.  8. — Test  29:  Ihill-gray  color;  breakage  bad;  large  and  small  chunks; 

cell  structure  small;  soft,  dense  coke. 
Pennsylvania  No.  9. — Test  37:  Some  few  pieces  of  coke  obtained,  but  the  amount  was 

so  small  that  it  was  not  determined. 
Test  39:  Some  few  pieces  of  coke;  mostly  large  lumps  of  closely  adhering  ash. 
Test  42:  Dull-gray  color;  cell  structure  small;  poor,  dense  coke. 
Test  56  (with  5  per  cent  pitch):  Dull-gray  color;  cell  structure  medium;  breakage 

very  irregular;    large  and  small  lumps;    poor,  soft  coke,  scarcely  any  better 

than  coke  from  washed  coal. 
Pennsylvania  No.  10. — Test  47:  Light-gray  and  silvery  color;  metallic  ring;  breakage 

poor,  somewhat  brittle;  cell  structure  large. 
Test  53:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  good;  breakage 

bad;  increase  in  yield  of  coke  and  decrease  in  amount  of  breeze  probably  due 

to  fine  grinding. 
Pennsylvania  No.  11. — Test  159:    Light-gray  color;    metallic  ring;    cell  structure  a 

little  small;  breakage  good;  long,  large  pieces. 
Pennsylvania  No.  12. — Test  161:    Light-gray  and  silvery  color;    metallic  ring;    cell 

structure  a  little  small;   breakage  good;  large  pieces;  good,  heavy  coke;   sul- 
phur a  little  high. 
Test  162:  Light-gray  color;  some  deposit  of  carbon;  metallic  ring;  cell  structure 

a  little  small;  breakage  good;  uniform -sized  pieces;  ash  reduced  by  washing; 

good,  strong  coke. 
Pennsylvania  No.  15. — Test  185:    Dull-gray  color;    soft,  dense  coke;    cell  structure 

small;    breakage  badly  cross  fractured,  and  pieces  of  irregular  size;    sulphur 

high. 
Test  188:  Light-gray  color,  some  silvery  deposit  of  carbon;  cell  structure  medium ; 

breakage  somewhat  cross  fractured,  but  pieces  of  good,  uniform  size;    much 

improvement  over  coke  from  finely  ground  charge;  sulphur  high. 
Pennsylvania  No.  17. — Test  178:   Light-gray  and  silvery  color;   cell  structure  a  little 

small;  breakage  good;  long,  large  pieces;  good,  heavy  coke, 
Test  186:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  good;  break- 
age good;  large  pieces  of  uniform  size;  good,  strong,  heavy  coke;  ash  and  sul- 
phur reduced  by  washing. 
Pennsylvania  No.  19. — Test  176:  Light-gray  color;  some  silvery  deposit  of  carbon;  cell 

structure  small;  breakage  marred  by  cross  fractiire,  probably  due  in  large  meas- 
ure to  uncrushed  slate;  good,  heavy  coke,  somewhat  brittle. 
Test  177:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  a  little  small; 

breakage  good;  large,  uniform  pieces;  crushing  improves  physical  appearances 

and  increases  total  yield. 
Pennsylvania  No.  iO. — ^Test  179:  Gray  color,  some  silvery  deposit;  cell  structure 

small;  breakageirregular,  but  pieces  of  good  size;  soft,  dense  coke;  high  sulphur. 
Test  182:  Gray  color;  soft,  dense  coke;  no  evident  physical  improvement  over  raw 

charge;  ash  and  sulphiir  reduced  by  washing. 
Pennsylvania  No.  21. — Test  183:  Light-gray  and  silvery  color;  metallic  ring:  cell 

structure  small  but  not  dense;  breakage  somewhat  marred  by  cross  fracture,  but 

pieces  of  good,  uniform  size;  good,  heavy  coke. 
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Fennsylvania  No.  21, — Test  187:  Light-gray  and  silvery  color;  metallic  ring;  cell  struc- 
ture small)  not  dense;  breakage  good;  long,  large  pieces;  good,  heavy  coke. 
Test  189:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  small,  not 
dense;  breakage  somewhat  marred  by  cross  fracture,  but  pieces  of  good,  uniform 
size;   good,  heavy  coke. 
Test  191:  Light-gray  and  silvery  color;  cell  structure  small,  not  dense;  metallic 

ring;  breakage  good;  uniform  size;  good,  heavy  coke. 
Test  W2:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  a  little  small, 
not  dense;  breakage  good;  uniform  size;  good,  heavy  coke. 

Tennessee  No.  1. — Test  133:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure 
a  little  large;  breakage  good;  long,  large  pieces;  good,  strong,  hard,  heavy  coke; 
ash  a  little  high. 
Test  153:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  good;  break- 
age somewhat  marred  by  cross  fracture,  but  pieces  of  good,  uniform  size;  good, 
heavy  coke;  ash  and  sulphur  reduced  by  washing. 

Tennessee  No.  2. — Test  127:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure 
medium;  breakage  poor;  very  brittle,  long-fingered  pieces. 

Tennessee  No.  S. — Test  128:  Light-gray  and  silvery  color;  metallic  ring;  cell  struc- 
ture good;  breakage  poor;  very  brittle,  long-fingered  pieces. 

Tennessee  No.  4- — Test  125:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure 
good;  breakage,  long-fingered  pieces;  }-inch  black  butt. 
Test  129:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  good;  break- 
age, long-fingered  pieces;  black  butt  removed. 

Tenn^see  No.  5. — Test  154:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure 
a  little  large;  breakage  good;  long,  large  pieces;  good,  heavy  coke;  sulphur 
high. 

Tennessee  No.  6. — Test  122:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure 
good;  breakage,  good;  long,  large  pieces;  good,  strong,  heavy  coke;  ash  high; 
probably  reduced  by  washing. 

Tennessee  No.  7  B. — Test  121:  Poor  coke;  soft,  tough,  and  punky;  drawn  from  oven 
in  large  chimks;  ash  and  sulphur  high. 
Test  123:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  a  little  large; 
breakage  good;  large,  uniform-sized  pieces;  strong  coke,  great  improvement 
over  raw  charge;  ash  and  sulphur  reduced  by  washing,  but  still  high. 

Tennessee  No.  8  B. — Test  134:  Light-gray  and  silvery  color;  metallic  ring;  cell  struc- 
ture large;  breakage  somewhat  cross  fractured,  but  pieces  of  good,  large,  uni- 
form size;  sulphur  high. 

Tennessee  No.  9. — T^t  124:  Light-gray  color;  some  silvery  deposit  of  carbon;  metallic 
ring;  cell  structure  large;  breaks  in  irregular  pieces  of  good  size. 

Tennessee  No.  10. — Test  156:  Poor  coke;  drawn  from  oven  in  large,  irregular  lumps; 
very  tough  and  dense;  with  black  butt  and  high  ash. 

Tennessee  No.  11. — Test  160:  Poor  coke;  breakage,  large  pieces  of  irregular  size;  cell 
structiure  small;  dense  and  punky;  small  amount  not  coked  well  at  bottom; 
ash  high. 

Utali  No.  1. — Test  130:  Dull-gray  color;  practically  no  cell  structure;  soft,  dense 
coke;  very  fine-fingered  pieces,  very  brittle,  and  easily  broken  into  small 
pieces. 
Test  141:  With  R.  I.  No.  1.    No  coke  produced;  all  volatile  expelled  and  charge 

burned  entirely  to  bottom. 
Test  157:  With  R.  I.  No.  1.     Very  poor,  dense  coke;  half  the  product  did  not 
cement  together;  the  other  half  very  finely  fingered  coke,  very  brittle  and  easily 
broken,  similar  to  coke  from  Utah  No.  1. 
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Virginia  No.  1. — ^Test  64:  Light-gray  color;  metallic  ring;  cell  structure  good;  break- 
age somewhat  marred  by  cross  fracture,  but  pieces  of  good  size;  hard,  heavy 
coke,  not  dense. 

Test  65:  Light-gray  and  silvery  color;  much  deposited  carbon;  cell  structure 
medium;  metallic  ring;  breakage  somewhat  marred  by  cross  fracture,  butp 
pieces  of  good  size;  good,  hard  coke. 

Test  67:  Light-gray  and  silvery  color;  much  deposited  carbon;  cell  structure 
medium;  metallic  ring;  breakage  somewhat  marred  by  cross  fracture,* probably 
due  to  imcrushed  slate;  lower  yield  of  coke  and  higher  amount  of  breeze  prober 
bly  due  to  fact  that  coal  was  not  crushed. 

Test  68:  Light-gray  and  silvery  color;  much  deposited  carbon;  metallic  ring; 
cell  structure  medium;  breakage  somewhat  marred  by  cross  fracture,  but  pieces 
of  good  size;  large  amoimt  of  breeze  and  lowered  percentage  yield  probably 
due  to  fact  that  coal  was  not  crushed. 

Test  77:  Light-gray  and  silvery  color;  much  deposited  carbon;  metallic  ring; 
cell  structure  good;  breakage  somewhat  marred  by  cross  fracture,  but  pieces 
of  good  size;  good,  hard,  heavy  coke;  increased  yield  of  coke  and  decreased 
amoimt  of  breeze  probably  due  to  fine  grinding. 
Virginia  No.  2. — Test  63:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure 
a  little  large;  breakage  somewhat  marred  by  cross  fracture,  but  pieces  of  good 
size. 

Test  69:  Light-gray  and  silvery  color;  much  deposited  carbon;  metallic  ring; 
cell  structure  medium;  breakage  good;  long,  large  pieces,  somewhat  brittle; 
decreased  yield  of  coke  and  increased  amount  of  breeze  probably  due  to  fact 
that  coal  was  not  crushed. 

Test  70:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  large;  break- 
age somewhat  marred  by  cross  fracture,  but  pieces  of  good  size;  good,  hard 
coke,  somewhat  brittle;  washing  does  not  seem  to  benefit  it  materially. 
Virginia  No.  3. — Test  61:  Light-gray  and  silvery  color;  much  deposited  carbon; 
metallic  ring;  cell  structure  small;  breakage  good;  long,  large,  heavy  pieces; 
very  heavy  coke. 

Test  88:  Light-gray  and  silvery  color;  much  deposited  carbon;  metallic  ring; 
cell  structure  small;  breakage  good;  good,  heavy  coke;  decreased  yield  of  coke 
and  increased  amount  of  breeze  probably  due  to  fact  that  coal  was  not  crushed. 
Virginia  No.  4- — Test  62:  Light-gray  and  silvery  color;  much  deposited  carbon; 
metallic  ring;  cell  structure  good;  breakage,  long,  thin  pieces;  light  weight; 
fingered  coke. 
Virginia  No.  6. — Test  181:  Light-gray  color;  cell  structure  small;  dense  coke;  break- 
age very  irregular;  pieces  of  various  sizes;  high  sulphur. 

Test  184:  Light-gray  and  silvery  color;  much  deposited  carbon;  cell  stnicture 
small,  but  not  dense;  breakage,  irregular  pieces  of  various  sizes;  washing 
reduces  ash  and  sulphur  and  improves  quality  of  coke. 
Washington  No.  2. — Test  135:  Light-gray  color;  some  deposit  of  carbon;  fair  ring; 
cell  structure  small;  breakage,  long-fingered  pieces,  very  brittle;  dense  coke; 
hi^  ash. 
West  Virginia  No.  4  B. — Test  40:  Light-gray  and  silvery  color;  much  deposited  carlwn; 
metallic  ring;  cell  structiure  good. 

Test  44:  Light-gray  and  silvery  color;  much  deposited  carbon;  metallic  ring;  cell 
structure  good ;  breakage  good ;  long,  large  pieces. 

Test  46:  Light-gray  and  rilvery  color;  metallic  ring;  cell  structure  good;  breakage 
somewhat  marred  by  cross  fracture,  but  pieces  of  good  size;  high  yield  of  coke 
and  decreased  amount  of  breeze  probably  due  to  fine  grinding. 
West  Virginia  No.  IS. — Test  21:  Light-gray  and  silvery  color;  metallic  ring;  cell  struc- 
ture good;  breakage  good ;  long,  large,  heavy  pieces.  - 


44  WASHING,   COKING,   AND   CUPOLA    TESTS. 

t 

West  Virginia  Nos.  IS  and  14. — Test  23:  Light-gray  and  silvery  color;  metallic  ring; 

cell  structure  medium;  breakage  good;  long,  large,  heavy  pieces. 
West  HrgriniflTVo.  i^.— Test  20:  Light-gray  and  silvery  color;  metallic  ring;  cell  struc- 
ture a  little  large;  breakage  good ;  long,  large,  heavy  pieces;  good,  hard  coke. 
WeM  '[Virginia  No.  15. — Test  36:  Light-gray  and  silvery  color;  much  deposited  carbon; 
metallic  ring;  cell  structure  good;  breakage  good;  long,  large,  pieces;  good, 
heavy  coke;  high  sulphur. 

Test  43:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  a  little  small; 
breakage  good;  long,  large  pieces;  hard,  heavy  coke;  sulphur  high. 
West  Virginia  No.  76  A.— Test  73:  Light-gray  and  silvery  color;  much  deposited  car- 
bon; metallic  ring;  cell  structure  a  little  large;  breakage  somewhat  marred  by 
cross  fracture,  but  pieces  of  good  size;  good,  hard,  heavy  coke. 
West  Virginia  No,  16  B. — Test  45:  Cell  stnicture  good;  breakage  good;  long,  large 
pieces;  good,  heavy  coke. 

Test  48:  Light-gray  and  silvery  color;  much  deposited  carbon;  metallic  ring;  cell 
structure  a  little  large;  breakage  somewhat  marred  by  cross  fracture,  but  pieces 
of  good  size;  somewhat  brittle;  washing  does  not  appear  to  improve  coke,  on  the 
contrary  the  coke  from  the  raw  charge  is  decidedly  better. 

Test  49:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  large;  breakage 
somewhat  marred  by  cross  fracture;  coke  brittle;  washing  does  not  appear  to 
improve  physical  properties  of  coke;  sulphur  and  ash  somewhat  lowered. 
West  Virginia  No.  17. — Test  60:  Light-gray  and  silvery  color;  metallic  ring;  cell  struc- 
ture good ;  breakage  good. 
West  Virginia  No.  18. — Test  74:  Light-gray  and  silvery  color;  much  depositecl  carbon; 
metallic  ring;  cell  structure  good;  breakage  somewhat  crosswise;  coke  brittle; 
good,  hard,  heavy  coke. 

Test  78:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  good ;  breakage 
somewhat  crosswise;  coke  brittle;  good,  hard,  heavy  coke;  no  appreciable  differ- 
ence in  yield  between  the  crushed  and  uncrushed  charges. 
West  Virginia  No.  19. — Test  79:  Dull-gray  color;  some  silver;  cell  structure  small, 
rather  dense;  breakage  good;  poor,  light-weight  coke. 

Test  83:  Dull-gray  color;  some  silver;  cell  structure  small ;  breakage  good.  This 
oven  was  burned  with  a  smaller  draft  and  coke  was  much  heavier  and  better 
than  that  from  test  79. 
West  Virginia  No.  20. — Test  80:  Light-gray  and  silvery  color;  much  deposited  carbon; 
metallic  ring;  cell  structure  small,  not  dense;  breakage  good;  long,  large, 
pieces,  somewhat  brittle;  good,  hard,  heavy  coke. 

Test  84:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  good ;  breakage 
marred  by  cross  fracture,  but  pieces  of  good  size;  washing  does  not  materially 
benefit;  on  the  contrary,  the  coke  is  not  as  good  as  that  from  raw  coal. 

Test  87:  Light-gray  and  silvery  color;  much  deposited  carl)on;  metallic  ring;  cell 
structure  a  little  small;  breakage  very  irregular,  but  pieces  of  good  size;  de- 
creased percentage  of  coke  and  increased  percentage  of  l)reeze  probably  due  to 
fact  that  coke  was  not  crushed. 

Test  92:  Light-gray  and  silvery  color;  metallic  ring;  cell  stnicture  small,  not 
dense;  breakage  somewhat  marred  by  cross  fracture,  but  pieces  of  good  size; 
good,  heavy  coke. 
West  Virginia  No.  21. — Test  82:  Light-gray  and  silvery  color;  much  deposited  carbon; 
metallic  ring;  cell  structure  good;  breakage  good;  long,  large  pieces;  good,  hard, 
heavy  coke. 

Test  91:  Light-gray  and  silvery  color;  much  deposited  carbon;  metallic  ring;  cell 
structure  large;  breakage  very  irregular  and  brittle:  washing  does  not  materially 
improve  coke,  on  the  contrary  the  coke  from  raw  charge  is  decidedly  better. 
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West  Virginia  No.  26.-^Test  175:  Light-gray  color,  some  silvery  deposit  of  carbon;  cell 

structure  a  little  small;  breakage,  long,  large,  fingered  pieces,  very  brittle. 
Wyoming  No.  3. — Test  52:  Charge  burned  to  ash  down  about  8  inches. 
Wyoming  No.  5. — ^Test  132:  No  coke  produced. 

CONCLUSiONS. 

It  is  unfortunate  that  the  necessary  routine  work  in  order  to  cover 
so  many  coals  permitted  so  few  tests  on  each,  and  that  the  supply 
of  coal  in  many  cases  permitted  only  one  test  to  be  made  on  that  par- 
ticular coal.  The  data  here  presented  show  the  results  obtained 
under  the  best  conditions  possible  to  one  not  conversant  with  the 
burning  of  these  coals,  based  on  observations  made  from  time  to 
time  as  coking  proceeded.  These  facts  should  be  distinctly  borne 
in  mind  when  analyzing  the  results  here  presented.  It  is  hoped 
that  in  future  work  it  may  be  possible  to  vary  conditions,  make 
changes  as  they  suggest  themselves,  and  compare  results  on  many 
different  tests  of  the  same  coal  and  thus  draw  conclusions  of  a  more 
definite  nature.  It  is  to  be  regretted  that  no  comparisons  can  be 
made  between  beehive  and  by-product  coke,  but  the  nature  of  the 
work  here  recorded  and  the  facilities  provided  confined  operations 
to  ovens  of  the  beehive  pattern  exclusively. 

No  data  are  given  in  the  detailed  statement  for  compressive  strength 
or  height  of  furnace  burden  supported,  as  the  results  obtained  show 
conclusively  the  worthlessness  of  these  determinations.  This  con- 
clusion was  reached  after  careful  attempts  to  obtain  results  on  1-inch 
cubes.  Four  cubes  were  selected  from  each  coke  made,  care  being 
taken  to  obtain  pieces  with  no  fracture  and  representing  as  nearly 
as  possible  the  average  of  the  coke.  The  cubes  were  cut  by  means 
of  an  emery  wheel  and  guide,  and  although  by  no  means  perfect 
they  were  as  nearly  so  as  possible  and  always  the  two  sides  used  in 
the  machine  were  parallel.  The  machine  used  for  breaking  was  a 
Tinius  Olsen  patent  machine  of  10,000  pounds  capacity  and  gave 
direct  readings  of  the  ultimate  strength. 

Only  a  few  of  these  results,  taken  at  random,  are  given,  and  these 
only  to  show  their  great  variation  and  the  worthlessness  of  this 
method  of  drawing  conclusions.  Illinois  No.  16,  test  10,  910  pounds, 
1,330  pounds,  2,190  pounds,  and  2,270  poimds;  Indiana  No.  4,  test  6, 
640  pounds,  790  poimds,  1,060  pounds,  and  1,245  poimds;  Kentucky 
No.  1,  test  76,  880  poimds,  1,065  pounds,  1,920  pounds,  and  2,570 
pounds;  Ohio  No.  9,  test  94,  535  pounds,  890  poimds,  1,170  pounds, 
and  1,600  pounds;  Virginia  No.  1,  test  68,  740  pounds,  1,120  pounds, 
1,280  pounds,  and  2,060  pounds;  West  Virginia  No.  16,  test  49, 
520  pounds,  1,500  pounds,  1,780  pounds,  and  2,100  pounds. 

The  difficulty  of  obtaining  a  cube,  or  any  number  of  cubes,  to  repre- 
sent anything  more  than  the  piece  of  coke  from  which  it  is  taken  is  so 
apparent  that  results  pretending  to  show  compressive  strength  of  any 
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amount  of  coke  are  worse  than  useless-^in  fact^  misleading.  Even 
if  coke  is  selected  the  whole  height  of  tlie  charge  and  tests  are  made 
on  cubes  in  number  representing  the  number  of  inches  the  results 
still  show  only  the  strength  of  the  one  piece  of  coke  from  some  par- 
ticular part  of  the  oven  and  it  is  practically  impossible  to  procure 
even  approximately  similar  results  from  other  pieces  taken  from 
different  places.  The  condition  of  burnings  the  quenching  either 
inside  or  out,  and  any  number  of  factors  w^hich  it  is  not  possible  to 
know  J  much  less  control,  make  different  ]>ortions  of  the  same  oven 
vary  greatly. 

A  simple  calculation  will  show  that  coke  with  a  compressive 
strength  of  48  pounds  will  support  the  burden  of  any  modem  furnace ; 
consequently  this  test  gives  no  data  of  practical  value.  Moreover, 
there  are  so  many  other  factors^  such  as  action  of  heat  and  gases^  attri- 
tion of  coke  against  coke,  againist  other  ingredients  of  charge,  and 
against  the  side  walls,  etc*,  that  any  calculation  to  show  the  burden- 
bearing  capacity  of  the  coke,  even  if  it  were  possible  to  select  cul>e@ 
representing  the  whole  charge,  would  be  inaccurate  if  based  simply 
on  a  compression  test* 

An  endeavor  was  made  to  compare  the  different  cokes  by  approxi- 
mating the  amoimt  of  breakage  under  conditions  of  present-day 
handlings  showing  the  percentage  of  coke  over  2-inch  size  that  may  be 
expected  to  reach  the  top  of  the  charge  in  the  blast  furnace*  Fifty 
pounds  of  each  coke  were  selected,  as  nearly  as  possible  representing 
the  average  size  of  the  coke  after  handling  at  the  ovens*  This  coke 
w  as  dropped  a  distance  of  6  feet  onto  a  rigid  (1-inch)  iron  plate.  AH 
pieces  over  2  inches  in  size  were  weighed  and  again  dropped,  the 
opera tiim  being  repeated  tiiree  times.  The  results  of  these  drop  tests 
are  shown  in  the  iletailed  statement* 

The  yield  of  coke  appears  to  be  increased  and  the  amount  of  breeze 
reduced  by  preliminary  crushing.  Whether  there  is  a  limit  to  the 
degree  of  fineness,  or  whether  a  point  may  be  reached  beyond  which 
finer  crushing  gives  no  appreciable  improvement  or  hag  opposite 
effects,  can  not  be  determined  from  the  present  results;  but  the  data 
available  indicate  that  it  would  be  economical  to  crush  all  coal  before 
charging  into  the  ovens,  even  though  a  coke  of  good  quality  may  he 
obtained  without  this  preliminary'  treatment*  Fine  crushing  also 
appears  to  increase  the  strength  of  the  coke  and  make  the  fracture 
less  irregular,  by  the  greater  imiformity  and  distribution  of  the  ash, 
but  the  weight  per  cubic  foot  is  reduced*  The  strength  of  the  coke 
is  probably  influenced  by  the  amount,  composition,  and  distribution 
of  the  ash,  but  the  results  so  far  obtained  show  no  definite  relations 
between  these  factors  or  their  relative  importance* 

The  matter  of  investigating  the  action  of  CO,  on  red-hot  coke  as 
determining  its  value  for  furnace  work  was  thoroughly  considered. 
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The  conclusion  was  reached  that  it  was  of  no  practical  importance,  as 
there  are  so  many  other  factors  in  the  blast  furnace.  In  view  of  the 
fact  that  the  gases  in  the  furnace  are  mixtures  of  CO,,  CO,  H,  O,  N, 
water  vapor,  and  probably  others,  it  appears  that  action  of  CO, 
is  of  little  value  unless  the  action  of  these  other  gases,  either  inde- 
pendently or  in  connection  with  CO,,  is  known.  An  investigation  of 
the  action  of  CO,  on  red-hot  coke,  as  a  means  of  making  comparison 
of  hardness,  is  being  made  and  gives  evidence  of  yielding  some  positive 
results,  but  work  along  this  line  has  not  progressed  far  enough  to 
draw  any  definite  conclusions. 

The  loss  of  sulphur  from  coal  to  coke  by  volatilization  varies  with 
the  different  coals,  depending  on  several  factors,  among  which,  in  the 
order  of  their  importance,  are  the  condition  in  which  sulphur  exists 
in  the  coal,  the  heat  of  the  oven,  the  rapidity  of  coking,  and  watering. 
The  sulphur  loss  ranged  from  20.79  per  cent  on  Arkansas  No.  1  (test 
95)  to  63.07  per  cent  on  Illinois  No.  29  (test  170),  the  average  for  all 
tests  being  43.27  per  cent 
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By  Richard  Moldenke. 


EQUIPMENT. 


Owing  to  the  removal  of  one  of  the  cupolas  which  served  for  the 
foundry  tests  during  the  Louisiana  Purchase  Exposition  all  the  tests 
made  since  then  have  been  conducted  in  the  36-inch  foundry  cupola 
loaned  by  the  Whiting  Foundry  Equipment  Company,  of  Chicago. 
The  remaining  apparatus  was  rearranged  and  the  36-inch  shell  of  the 
cupola  was  relined  to  26  inches  internal  diameter.  There  were  four 
horizontal  tuyeres  measuring  4  by  6  inches  on  the  outside  and  3  by  13 
inches  on  the  inside  of  the  cupola  which,  were  situated  11  inches  above 
the  sand  bottom.  The  total  tuyere  area  was  96  square  inches,  giving 
a  ratio  of  1  to  5.96  with  the  cupola  area.  A  No.  6  Sturtevant  fan  run 
at  2,514  revolutions  per  minute  furnished  the  blast,  which  was  kept 
at  about  7  ounces. 

By  proper  training,  the  crew  was  able  to  run  oflF  two  heats  a  day 
without  interruption.  The  melted  iron  was  poured  into  molds  for 
sash  weights,  thus  reducing  to  a  minimum  the  amount  of  scrap  made. 

PERSONNEL. 

The  cupola  tests  were  conducted  by  W.  G.  Ireland,  under  the 
direction  of  A.  W.  Belden,  coke  expert  of  the  Geological  Survey,  and 
by  the  advice  of  Richard  Moldenke,  foundry  expert  in  charge  of  the 
cupola  tests  of  the  fuel-testing  plant. 

METHOD  OF  TESTING. 

The  method  of  testing  has  been  fully  described  in  the  report  of  the 
fuel-testing  plant  for  1904.**  Toward  the  end  of  the  tests  it  was  some- 
times necessary  to  vary  the  proportion  of  scrap  to  pig  iron  according 
to  the  supply,  but  the  total  amoimts  were  kept  correct  as  planned  for 
the  general  series  of  tests. 

After  completing  the  tests  on  the  available  cokes  in  the  regular 
way,  so  that  the  results  might  be  comparable  with  the  previous  work 

a  Prof.  Paper  V.  8.  Qeol.  Survey  No.  48,  part  3,  1906,  pp.  1367-1370. 
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of  the  division,  a  series  of  further  tests  was  made  on  some  of  these 
cokes.  In  these  tests  the  coke  bed  was  nol  kept  at  a  constant  height 
above  the  tuyeres,  but  the  carbon  content  was  calculated  from  the 
analysis  of  the  particular  coke  and  an  amount  taken  to  make  up  175 
pounds  of  carbon  regardless  of  the  height  above  the  tuyeres.  The 
results  show  interesting  features.  Some  cokes  gave  melting  ratios 
and  melting  rates  per  hour  which  were  better  than  with  the  ordinary 
test  methods  and  others  gave  inferior  results.  The  tests  were  made 
to  show  the  advisability  on  the  part  of  the  manufacturer  as  well  as 
of  the  foundryman  of  studying  the  conditions  of  cupola  practice  in 
order  to  determine  those  which  give  the  best  results. 

DETAILED  RESULTS. 

The  detailed  results  of  the  regular  tests  as  well  as  of  the  special  175- 
pound  carbon  bed  tests  will  be  found  in  the  following  tables*  Results 
of  a  typical  test  of  Connellsville  72-hour  coke  are  given  at  the  head  of 
the  first  table  as  a  standard  for  comparison.  All  the  tests  here 
reported  were  made  within  the  calendar  year  1906  except  test  190,  on 
coke  from  Pennsylvania  No.  21  coal,  the  date  of  which  was  February 
13,  1907.  Many  of  the  coals  tested,  however,  were  received  during 
1906. 
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Chemical  effect  on  iron  in  cupola  tests  of  cohefrom  coaU  received  from  January  1,  1905  ^ 

to  June  SO,  1907. 


4 


DefitgnatioD  ulcokA. 


Field  No.  of  GOAL 


Chimjkftl effeot  on  the  Iron  In  melting  (per cent). 
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Stilpliuf. 
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5        S 


n  4 
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164 

117 
17S 
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14S 

47 
156 
H7 
155 
163 
I4£ 
103 

105 
166 

li3 
161 
1^ 
145 
151 
154 
146 
153 

15S 

in 

172 


150 

lao 

167 
51 
16B 

IQfi 
170 
50 


tm 
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104 


lOS      106 


107 
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OA 
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ijj?;?::::: 
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11 

11. 

12 ,.. 

12.,.. 

12fw.K... 
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12  (w,),-.. 


2<w.^ 

ir.-.:;::; 

West  ViTviola: 

4(w.) 

4fi(w.).... 

15 

15 

IS 

15 

16 

16. .„.,.... 
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m 
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170 


17 
17 

m 

85 
1S4 
IM 
164 
197 
157 
167 

73 
72 

m 

ln& 
161 
161 
161 
162 

im 
m 

m 

TO 
TO 

44 
44 
44 

36 
36 
43 
4& 
45 
45 


3.13 
2.10 

2.  in 

2.10 
2  JO 
343 

1.74 

2A2 
3J2 
2,12 
2.10 
2,13 
2.10 

2.10 
2.10 

2.12 
2.10 
2,1? 
2.13 
2, 12 
2.12 
2,12 
2.12 

2.12 
2J0 
2,10 

Lse 

2.12 
1,^ 
2.12 
2.10 
l.M 
2.10 
L74 
2,10 
2.10 
1,74 


1.^ 
1.6S 

1.66 
1.58 
1.71 
1.75 


1.78 
1.74 

LS5 
1,74 
1.86 
K8t 
iM 
1,81 
J.M 
1.7a 

K77 
l.fiO 
1,78 
1.56 

um 

1.90 
1.^5 
1.45 
l.Tl 

i,a5 
i.rts 

1.67 
1.2*9 


9.90 
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•PREFACE. 


By  Alfred  H.  Brooks. 


In  planning  the  surveys  and  investigations  of  Alaska,  the  attempt 
was  made  to  cover  first  those  regions  which  were  of  the  greatest  eco- 
nomic importance.  As  a  result  of  this,  many  of  the  mapped  areas 
n^e  very  irregular  in  outline,  and  it  now  seems  desirable  to  introduce 
greater  uniformity  into  the  published  maps  as  rapidly  as  the  data 
available  for  their  preparation  will  permit.  With  this  end  in  view 
a  system  of  maps  has  been  projected  covering  quadrangular  areas 
outlined  by  parallels  of  latitude  and  meridians  of  longitude,  this  being 
in  conformity  with  practice  in  surveys  made  within  the  United  States 
proper.  But  as  the  Alaska  surveys  are  for  the  most  part  of  a  recon- 
naissance character  and  the  region  is  very  thinly  populated,  it  has 
seemed  best  to  adopt  a  map  unit  larger  than  that  used  in  the  States. 
This  unit  will  include  4  degrees  of  longitude  and  2  degrees  of  latitude, 
making  a  map  about  as  large  as  can  be  conveniently  handled.  It  is 
hoped  that  eventually  these  published  reconnaissance  topographic 
maps  can  be  accompanied  by  sheets  showing  the  geology  and  the  eco- 
nomic resources,  but  in  view  of  the  great  demand  for  the  topographic 
maps  it  has  been  deemed  advisable  to  publish  them  immediately  with 
such  accounts  of  the  geology  and  mineral  resources  as  may  be  avail- 
able. Nor  is  it  deemed  desirable  to  delay  the  issuing  of  maps  until 
the  areas  have  been  completely  covered. 

The  following  report,  with  its  accompanying  maps  (Pis.  I,  IV, 
and  V),  is  the  second  of  this  series  to  be  issued,  and  it  will  be  fol- 
lowed by  others  as  fast  as  the  accumulation  of  the  field  notes  will 
permit.  The  topographic  surveys  on  which  the  maps  are  based  were 
made  under  the  direction  of  T.  G.  Gerdine  in  1903  and  D.  C.  Wither- 
spoon  in  1904,  1905,  and  1906;  the  geology  is  by  L.  M.  Prindle,  who 
has  worked  in  this  general  field  in  1903,  1904,  1905,  and  1906.  Mr. 
Prindle  was  assisted  in  his  geologic  work  in  1904  by  Frank  L.  Hess 
and  in  1905  by  Adolph  Knopf.    The  present  writer,  who  crossed  this 
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region  in  1902,  has  added  some  features  to  the  geologic  map,  and 
also  material  regarding  developments  in  the  Fairbanks  and  Rampart 
regions  during  1907.  Mr.  Prindle  has  presented  the  salient  features 
of  the  geology,  so  far  as  known,  in  simple  language  devoid  of  techni- 
calities. A  more  elaborate  discussion  of  the  scientific  results  is  in 
preparation.  A  section  by  F.  L.  Hess  on  the  placers  of  the  Rampart 
region,  which  was  originally  printed  in  Bulletin  No.  280,  "  The  Ram- 
part gold  placer  region,  Alaska,"  is  here  reprinted,  in  order  that  all 
the  placers  in  the  region  indicated  by  the  maps  may  be  covered  in 
the  written  description. 

As  the  publication  goes  to  press,  it  has  been  possible  to  add  to  it 
the  preliminary  statement  of  C.  C.  Covert  on  the  water  resources  of 
the  Fairbanks  region,  based  on  surveys  made  in  1907. 


THE  FAIRBANKS  AND  RAMPART  QUADRANGLES, 
YUKON-TANANA  REGION,  ALASKA. 


By  L.  M.  Prindle. 


rNTRODUCTION. 

The  Yukon-Tanana  region  is  the  area  extending  westward  from 
the  International  boundary  between  Yukon  and  Tanana  rivers  to  their 
confluence.  The  greatest  east-west  dimension  of  this  area  is  about 
300  miles,  the  greatest  north-south  dimension  about  175  miles.  The 
gold  placers  of  Fo;*tymile,  Birch  Creek,  Rampart,  and  Fairbanks  are 
situated  in  this  region,  and  their  economic  importance  has  led  to 
several  years'  work  by  the  Geological  Survey  in  making  topographic 
and  geologic  maps  and  in  studying  conditions  in  the  gold-producing 
regions. 

A  topographic  map  of  the  Fortymile  quadrangle  was  made  by 
E.  C.  Barnard  in  1898  and  was  included  in  a  preliminary  report  on 
the  gold-producing  regions.'' 

In  1903  a  comprehensive  scheme  for  mapping  the  entire  remaining 
area  was  planned  by  A.  H.  Brooks,  geologist  in  charge.  In  view  of 
the  facts  that  the  Alaska  surveys  are  for  the  most  part  of  a  recon- 
naissance character  and  that  the  region  is  thinly  populated,  the  unit 
of  publication  adopted  (see  fig.  1)  is  a  quadrangular  area  embracing 
4  degrees  of  longitude  and  2  degrees  of  latitude.  The  first  of  these 
maps,  that  of  the  Circle  quadrangle,  which  was  made  by  parties  under 
the  direction  of  T.  G.  Gerdine  and  D.  C.  Witherspoon,  was  published 
in  1906  in  a  bulletin  of  the  Survey.^  The  maps  of  the  Fairbanks 
and  Rampart  quadrangles  (Pis.  IV  and  V,  in  pocket),  with  topog- 
raphy by  D.  C.  Witherspoon  and  R.  B.  Oliver,  are  published  with 
this  report.  The  area  mapped  on  the  Fairbanks  sheet  extends  west- 
ward from  the  western  edge  of  the  Circle  quadrangle  to  the  150th 
meridian,  and  the  mapping  has  been  continued  northward  to  the 

•Prindle,  L.  M.,  Gold  placers  of  the  Fortymile,  Birch  Creeic,  and  F'airl)anlcs  regions, 
Alaska :  Bull.  U.  S.  Geol.  Survey  No.  251,  1905. 

*  Prindle,  L.  M.,  The  Yukon-Tanana  region,  Alaska  ;  description  of  Circle  quadrangle : 
Bull  U.  S.  Geol.  Survey  No.  295,  1906. 
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edge  of  the  Yukon  Flats.  The  mapping  of  the  areas  .marked  with 
broken  contour  lines  immediately  north  of  Tanana  River,  in  the  south- 
eastern part  of  the  quadrangle,  is  to  be  completed  during  1907.  The 
town  of  Fairbanks  is  the  main  supply  point  for  the  creeks  of  the 
Fairbanks  placers,  and  its  name  lias  been  given  to  the  quadrangle. 
In  the  Rampart  quadrangle  the  mapping  of  the  area  between  the 
western  boundary  of  the  Fairbanks  quadrangle  and  the  confluence  of 


1^ 


Rampart  qu«dnu)glc  Fairbanks  quadnmarle  Circle  quadrangle  Fortymilvq 

Fio.    1. — Index   map  showing  location  of  quadrangles  In  the  Yukon-Tanana  region. 

the  two  rivers  has  been  completed.  This  includes  all  the  areas  of 
economic  interest  in  the  Rampart  quadrangle  and  finishes  the  western 
portion  of  the  interstream  area.  In  the  preparation  of  the  report 
which  has  l)een  written  to  accompany  these  maps  free  use  has  been 
made  of  the  other  publications  of  the  Survey  bearing  upon  the  areas 
under  consideration.  The  material  for  the  account  of  the  Fairbanks 
region  has  been  taken  largely  from  the  progress  reports  <*  for  1905 


•  Brooks,  Alfred  H.,  and  others.  Report  on  progress  of  investigations  of  mineral  resources 
of  Alaska  in  1905:  Bull.  U.  S.  Geol.  Survey  No.  284,  1906.  pp.  109-123,  and  Bull.  No. 
314,  1907,  pp.  36-37. 
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and  for  1906.  Additional  material  obtained  by  Brooks  and  Covert 
in  1907  has  been  added.  The  description  of  the  Rampart  region  is 
taken  largely  from  a  Survey  bulletin,"  and  as  that  report  is  now  out 
of  print  the  account  of  the  placers,  by  Frank  L.  Hess,  is  here  re- 
printed. This  account  is  supplemented  by  data  obtained  by  Mr. 
Brooks  in  the^ Rampart  region. 

GEOGRAPHT. 

The  area  under  consideration  in  the  two  quadrangles,  about  14,000 
square  miles,  is  bounded  by  the  146th  meridian  and  Yukon  and 
Tanana  rivers  and  has  about  the  shape  of  an  equilateral  triangle, 
whose  eastern  side  is  the  146th  meridian  and  whose  western  angle  is 
at  the  confluence  of  the  two  rivers.  The  area  is  made  up  of  ridges 
and  valleys  bordered  on  the  north  by  a  part  of  the  Yukon  Flats, 
deeply  embayed  on  the  soutli  by  the  Tolovana  Flats,  and  terminated 
on  the  west  by  the  low  area  between  the  two  rivers. 

The  dominant  type  of  country  is  one  of  ridges  more  or  less  uniform 
in  height,  with  altitudes  of  2,000  to  3,000  feet,  separated  by  valleys  of 
equally  uniform  depth,  but  certain  areas,  like  the  White  Mountains 
and,  50  miles  farther  west,  the  group  of  hills  near  Rampart,  attain 
altitudes  of  4,000  to  5,000  feet  or  more,  and  these  areas  are  accen- 
tuated on  the  maps  by  the  greater  number  and  more  closely  crowded 
character  of  the  contour  lines  that  represent  their  slopes.  The  coun- 
try between  these  two  main  features  comprises  many  ridges,  which 
are  in  general  higher  toward  the  northern  part  of  the  area  and  break 
off  abruptly  to  the  Yukon  Flats  or  Yukon  River.  The  southern  limit 
of  the  hill  country  is  less  abrupt,  and  the  ridges  merge  more  gradu- 
ally into  the  valleys  of  the  Tanana  and  its  tributaries.  The  valleys 
exhibit  much  variety ;  some  of  them  are  deep,  steep  walled,  and  nar- 
row, with  but  little  floor;  others  have  well-developed  floors  and 
gentler  slopes,  and  others  become  extensive  flats.  Some  of  them  are 
complexly  interwoven  and  follow  most  tortuous  courses  before  leav- 
ing the  hills  and  joining  the  main  lines  of  drainage.  The  important 
tributaries  of  the  Yukon  are  Beaver,  Hess,  and  Minook  creeks ;  those 
tributary  to  the  Tanana  are  the  Salcha,  Chena,  and  Tolovana  rivers 
and  Baker  Creek. 

The  Yukon  Flats  extend  far  northward  from  the  base  of  the  ridges 
to  the  plateau  country  fronting  the  Rocky  Mountains.  The  sparsely 
timbered  surface  is  somewhat  uneven  and  broken  where  minor  ridges 
run  out  into  it  from  the  base  of  the  hills.  It  is  dotted  with  a  few 
small  lakes,  and  the  small  streams  that  furrow  the  northern  slopes  of 
the  hills  cross  it  in  rather  ill-defined  valleys.     Distant  shimmering 

•  Prindle,  L.  If.,  and  Hess,  F.  L.,  The  Rampart  gold  placer  region,  Alaska  :  Bull.  U.  S. 
Geol.  Surrey  No.  280,  1906. 
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lines  and  crescent-shaped  areas  of  water  indicate  the  many  inter- 
lacing channels  of  the  Yukon  which  are  spread  widely  over  this  great 
flat.  The  lowlands  of  the  southern  border,  the  Tolovana  and  Baker 
flats,  are  embayments  from  a  similar  great  flat  that  forms  a  large  part 
of  Tanana  Valley. 

The  main  features  of  the  surface  can  be  learned  from  the  topo- 
graphic maps  and  need  no  further  comment  in  the  text.  The  relief, 
the  drainage,  the  relations  of  tlie  various  drainage  systems  to  each 
other,  the  grades  of  the  streams,  the  comparative  elevations  and 
grades  of  different  valleys  are  all  brought  out  on  the  maps,  and  many 
of  their  economic  relations  are  thus  made  clear  to  those  who  read  the 
maps  with  care.  If,  for  example,  the  digging  of  a  ditch  or  the  con- 
struction of  roads  or  railways  is  under  consideration,  the  most  feasi- 
ble routes  can  be  approximately  determined  by  a  study  of  the  maps. 

The  explanation  of  the  uniformities  in  altitudes  is  to  be  found  in 
the  history  of  the  region.  The  ridge  level  is  a  remnant  of  a  former 
continuous  more  or  less  uniform  surface  lying  at  a  lower  altitude 
near  sea  level.  Subsequent  elevation  has  resulted  in  the  cutting  of 
the  present  valleys.  The  explanation  of  local  differences  of  relief, 
like  that  of  Pedro  Dome  with  its  surroundings  or  the  White  Moun- 
tains in  the  Fairbanks  region,  or  Wolverine  Mountain  in  the  Rampart 
region,  is  to  be  found  largely  in  differences  in  the  character  of  the 
bed  rock  that  are  accentuated  under  the  conditions  of  the  present 
downcutting.  The  local  granitic  intrusives  in  Pedro  Dome  and 
Wolverine  Mountain  have  withstood  erosion  and  held  up  these 
areas,  and  the  limestone  of  the  White  Mountains  performs  the  same 
function. 

Stream  adjustments  are  also  clearly  shown  on  the  map.  An  ex- 
ample may  be  taken  from  the  Beaver  Creek  system.  One  of  the 
small  tributaries  draining  the  southern  part  of  the  Wliite  Mountains 
has  been  called,  for  purposes  of  description.  Fossil  Creek,  from  the 
occurrence  of  fossiliferous  limestone  pebbles  in  the  gravels.  East  of 
the  single  narrow  limestone  ridge  that  terminates  the  AVhite  Moun- 
tains is  a  parallel  ridge  of  shorter  extent.  Between  the  two  lies  a 
low-grade  valley,  2  miles  wide,  extending  northeastward  for  nearly 
10  miles  and  drained  by  a  stream  that  flows  along  its  western  side 
close  to  the  base  of  the  limestone  ridge.  From  the  base  of  the  ridge 
on  the  east,  broad,  flat  spurs,  separated  by  open  depressions  so  shallow 
as  to  be  hardly  noticeable,  extend  westward  to  the  stream.  On  close 
examination  the  apparently  continuous  valley  is  seen  to  be  composed 
of  two  parts — a  lower,  drained  by  a  stream  which  seems  dispropor- 
tionately small  for  the  size  of  the  valley  and  which  has  its  rise  in  a 
few  small  stagnant  ponds  strung  longitudinally  along  its  course 
about  5  miles  from  Beaver  Creek,  and  an  upper,  drained  by  a  stream 
of  about  the  same  length,  which  flows  at  first  southwestward,  in  line 
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with  the  stream  of  the  lower  portion  of  the  valley,  and  then  turns 
abruptly  westward  to  Beaver  Creek  through  a  narrow  canyon  that 
interrupts  inconspicuously  the  continuity  of  the  limestone  ridge. 
This  upper  part  of  the  valley  has  been  reduced  somewhat  below  the 
level  of  the  lower  part,  but  not  to  an  extent  appreciable  in  a  general 
view.  It  is  an  example  of  stream  diversion,  a  minor  tributary  of  the 
Beaver  having  cut  through  the  limestone  ridge  and  diverted  to  itself 
the  waters  of  the  upper  portion  of  a  valley  that  formerly  drained 
southwestward  along  the  entire  eastern  base  of  the  limestone  ridge. 
The  diversion  of  the  drainage  from  the  upper  valley  has  weakened 
the  stream  that  occupies  the  lower  portion,  and  its  forceless  character 
is  indicated  by  the  string  of  small  ponds  along  its  present  headwaters. 
The  streams,  therefore,  are  by  no  means  permanent,  independent 
units  of  drainage,  but  are  most  delicately  adjusted  and  may  in  their 
development  encroach  upon  one  another's  drainage  areas. 

ClilMATE  AJ^jy  VEGETATION. 

Owing  to  the  high  latitiide  of  the  area,  65°  to  66°  north,  there  are 
great  differences  in  the  characteristics  of  winter  and  summer.  The 
annual  range  of  temperature  is  great.  At  Tanana,  for  the  period 
from  August,  1901,  to  December,  1902,  the  temperature  varied  from 
76°  F.  below  zero  in  January  to  79°  F.  above  zero  in  August.  The 
intense  cold  of  winter  is  not  accompanied  by  excessive  snowfall,  but 
the  water  circulation  is  reduced  to  a  minimum  and  the  long  continu- 
ance of  such  conditions  has  resulted  in  freezing  to  great  depths  a 
large  part  of  the  superficial  deposits.  But  even  during  the  winter, 
when  the  larger  streams  are  covered  with  ice  up  to  6  feet  thick,  a 
considerable  amount  of  water  is  in  circulation,  and  it  frequently 
breaks  through  the  ice,  causing  overflows.  Many  small  streams  thus 
form  thick  accumulations  of  ice  that  may  remain  throughout  much  of 
the  summer.  The  ice  begins  to  go  out  of  the  Yukon  at  Tanana  at 
dates  varying  in  different  years  from  about  May  10  to  May  15,  and 
a  few  days  later  the  river  is  clear.  Mush  ice  begins  to  run  at  dates 
varying  from  October  15  to  25,  and  in  from  one  to  two  weeks  later 
the  river  is  generally  closed  to  navigation.  The  Tanana  at  the  mouth 
of  Baker  Creek  froze  October  20,  1905,  and  the  ice  went  out  May  6, 
1906.  The  summers  are  characterized  essentially  by  conditions  like 
those  in  temperate  latitudes,  except  that  the  sun  is  above  the  horizon 
a  much  larger  portion  of  a. summer  day  than  in  more  temperate 
regions  and  that  the  season  itself  is  short.  The  summer  advances 
rapidly  from  the  time  of  the  break-up  of  the  ice,  the  days  become  hot 
to  a  degree  comparable  with  those  of  regions  much  farther  south,  and 
generally  no  killing  frosts  occur  till  about  the  first  of  September.  The 
mean  annual  precipitation  in  the  interior  of  Alaska,  including  both 
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melted  snow  and  rain,  is  not  great.  Observations  taken  at  Tanana 
at  intervals  from  1882  to  1886  gave  an  annual  average  of  15.45  inches. 
The  rainfall  varies  greatly  in  the  different  seasons;  sometimes  long 
continued  drought  lowers  the  quantity  of  water  in  the  streams  below 
the  economic  limit,  while  in  other  seasons  wat«r  is  almost  constantly 
in  excess  of  the  amount  required.  A  detailed  statement  of  the  water 
supply  and  rainfall,  by  C.  C.  Covert,  is  given  on  pages  51-59  of  this 
report. 

The  distribution  of  vegetation  is  shown  in  fig.  2.    The  high  ridges 
are  mostly  bare  of  trees  and  are  covered  only  with  the  low  vegetation 


Fig.  2. — Map  showing  distribution  of  timl)er  in  the  Fairbanks  and  Rampart  quadrangles. 

of  the  tundra.  The  lower  ridges  are  largely  covered  with  a  dense 
growth  of  small  spruce,  accompanied  by  birch  and  poplar  and  in  the 
larger  valleys  by  a  small  proportion  of  tamarack.  Willows  and  scrub 
alders  grow  abundantly  near  the  streams.  (Jood  timber  is  confined  to 
the  larger  valleys,  where  it  is  most  thickly  concentrated  in  scattering 
patches  along  the  streams.  Spruce  is  the  most  important  tree  and  at- 
tains in  many  places  a  diameter  of  2  or  more  feet. 

The  valley  sides  and  lower  ridges  of  the  Fairbanks  region  are  cov- 
ered with  a  light  growth  of  spruce  and  poplar,  and  fine  patches  of 
birch  are  common  on  the  hillsides  facing  the  Tanana.  Good  timber 
is  reported  from  the  lower  valleys  of  the  Chatanika  and  Tolovana. 
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The  low  ridges  forming  the  eastern  side  of  Beaver  Valley  east  of  the 
White  Mountains  present  in  places  the  appearance  of  a  well-timbered 
country,  but  on  closer  view  are  found  to  be  covered  with  only  a  thick 
growth  of  small  spruce.  The  upper  valley  of  Hess  Creek  and  the  val- 
leys of  its  tributaries  contain  also  abundant  small  spruce,  with  some 
larger  timber  near  the  streams.  The  valley  of  Minook  Creek  has  con- 
tained considerable  timber  of  sufficient  size  for  mining  purposes,  but 
only  a  small  amount  of  such  timber  is  left.  The  valleys  of  the  south- 
em  slope  facing  the  Baker  flats  contain  but  little  timber  of  large  size, 
but  some  good  timber  is  reported  to  be  present  in  the  valleys  of  Hut- 
lina  and  Baker  creeks.  On  the  hillsides  near  the  Baker  Hot  Springs 
is  a  luxurious  growth  of  birch  and  poplar.  Timber  for  fuel  purposes 
is  abundant  in  most  of  the  valleys  and  lower  slopes  throughout  the 
region. 

Feed  for  horses  can  be  found  on  the  sunward-facing  slopes  of  most 
of  the  main  valleys  and  there  are  large  grass-covered  areas  in  the  Tol- 
ovana  flats.  Blueberries  are  almost  everywhere  to  be  found  in  abun- 
dance on  the  open  hillsides  and  valleys,  and  locally  currants,  cran- 
berries, and  red  raspberries  are  sufficiently  abundant  to  be  of  practi- 
cal importance.  Most  of  the  hr_dy  vegetables  can  be  grown  success- 
fully, and  at  Hot  Springs  they  are  produced  in  large  quantities  and 
sold  to  the  miners  of  the  Fairbanks  and  Rampart  regions. 

I>ESCRIPTIVK  GEOIjOGY. 

GENERAL  STATEMENT. 

The  area  covered  by  the  maps  is  composed  essentially  of  two  rock 
groups,  for  the  most  part  widely  different  in  characteristics.  (See 
PL  I.)  The  members  of  the  one  are  highly  schistose  and  are  pre- 
dominantly quartzite  schists  and  quartz-mica  schists,  with  some  crys- 
talline limestone  and  greenstone.  The  members  of  the  other  are 
prellominantly  carbonaceous  slate  and  coarser  fragmentals,  chert, 
greenstone,  and  limestone.  The  older  group  is  the  schists,  which 
are  characteristically  developed  in  the  Fairbanks,  Birch  Creek,  and 
Fortymile  regions  and  are  the  oldest  rocks  known  in  the  Yukon- 
Tanana  region.  Their  age  has  not  been  definitely  determined,  but 
they  are  probably  older  Paleozoic  or  pre-Paleozoic.  The  younger 
group  is  characteristically  developed  in  the  Rampart  region  and  in 
areas  farther  east,  including  the  White  Mountains.  Rocks  pro- 
visionally correlated  with  them  occur  also  south  of  the  Tanana. 
Their  age  is  Paleozoic,  for  fossils  determined  as  possibly  Silurian, 
as  Devonian,  and  as  Carboniferous  have  been  found  in  them.  The 
main  line  of  demarcation  between  the  two  groups  extends  northeast 
and  southwest  in  the  area  between  the  White  Mountains  and  the 
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ridge  limiting  on  the  northwest  the  valley  of  the  Chatanika.  A 
small  area  of  the  older  rocks  occurs  also  in  the  Rampart  region. 
Although  the  two  groups  have  not  been  found  in  unconformable  con- 
tact there  was  probably  a  long  time  interval  between  the  deposition 
of  the  two,  and  the  difference  in  the  degree  of  their  metamorphism 
is  sufficiently  great  to  constitute  a  metamorphic  unconformity  of 
stratigraphic  value.  The  general  strike  is  northeast  and  southwest, 
and  the  rocks  wherever  observed  are  closely  folded.  There  are  small 
areas  of  later  rocks,  probably  not  older  than  the  Cretaceous;  slightly 
consolidated  sediments  of  Tertiary  age;  and  unconsolidated  Pleisto- 
cene and  Recent  alluvial  deposits.  Granitic  and  more  basic  intru- 
sives  are  common  in  both  of  the  older  groups,  and  greenstones  are 
especially  abundant  in  them.  Fresh  volcanic  rocks  occur  to  a  slight 
extent  in  the  vicinity  of  Rampart  and  metamorphosed  rhyolites  are 
present  in  the  area  south  of  the  Tanana. 

The  following  tabular  statement  is  based  only  on  reconnaissance 
trips  and  is  therefore  of  a  preliminary  nature.  The  variety  of  rocks, 
the  complexity  of  structure,  and  the  paucity  of  paleontologic  mate- 
rial in  the  areas  studied  render  possible  only  the  barest  outlines  of 
the  stratigraphy.  The  areal  distribution  of  the  rocks  is  shown  on 
the  geologic  map  (PI.  I).  The  predominant  lines  of  structure  are 
well  exhibited  by  the  areal  development  of  the  rocks,  and  the  forma- 
tion occurring  in  the  White  Mountains  finds  its  continuation  most 
probably  in  the  rocks  outcropping  along  the  Tanana  between  the 
mouth  of  the  Kantishna  and  that  of  Baker  Creek. 

Proviaiomil  tabular  iitatcmnit  o/  stratigraphy  o/  Fairbatiks  and  Rampart 
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STRATIGRAPHY. 

METAMORPHIG8    (PAIJEOZOIC  OR  PRE-PALEOZOIC) . 

The  rocks  characterized  as  metamorphics  were,  for  the  most  part, 
originally  sediments,  including  sandstone,  shale,  and  a  small  propor- 
tion of  limestone.  This  material,  through  various  processes  included 
under  the  term  metamorphism,  has  all  been  more  or  less  changed 
until  it  now  exhibits  characteristics  of  structure  and  composition 
that  differ  greatly  from  those  of  the  original  rocks.  Of  the  new 
minerals  formed  mica  is  the  most  generally  distributed,  and  its  ex- 
tensive development  in  nearly  all  the  rocks  under  consideration  has 
imparted  a  schistose  character  to  them.  They  split  readily  along 
the  planes  parallel  to  the  cleavage  of  the  micas,  and  are  easily  recog- 
nized as  schists  by  the  miners  who  are  working  in  the  areas  where 
this  older  group  forms  the  bed  rock.  These  rocks  in  places  have 
been  but  partly  metamorphosed  and  retain  many  characteristics  of 
their  sedimentary  origin.  Some  of  the  quartzitic  rocks,  for  example, 
contain  but  a  small  proportion  of  mica  and  are  but  slightly  schistose. 
In  a  more  advanced  stage  of  metamorphism,  however,  there  is  a  more 
or  less  complete  rearrangement  of  material  by  solution  and  recrys- 
tallization,  until  the  rock  that  owed  its  characteristics  originally  to 
sedimentation  becomes  one  with  most  of  its  characteristics  due  to 
entirely  different  processes.  In  the  same  way  igneous  rock,  orig- 
inally formed  by  consolidation  of  molten  material,  may  lose  the 
structure,  texture,  and  mineral  composition  characteristic  of  its 
mode  of  origin  and  take  on  those  of  metamorphism. 

In  a  region  of  metamorphic  rocks,  therefore,  rocks  of  both  sedi- 
mentary and  igneous  origin  may  be  present  as  schists.  In  the  eastern 
part  of  the  Yukon-Tanana  region,  metamorphosed  igneous  intrusives 
form  an  essential  part  of  the  metamorphic  assemblage.  In  the 
western  part  of  the  area,  however,  including  the  Birch  Creek  and 
Fairbanks  regions,  the  schists  are  predominantly  of  sedimentary 
origin  and  include  quartz  schists,  quartz-mica  schists,  feldspathic, 
carbonaceous,  garnet  if erous,  and  hornblendic  schists,  and  crystalline 
limestone. 

The  structure  of  the  rocks  is  complex.  The  trend  or  strike,  where 
the  bedding  is  inclined  at  a  considerable  angle  or  is  vertical,  is  in 
most  places  northeast  and  southwest.  The  rocks  are  so  closely  folded 
in  some  places  that  the  sides  of  the  folds  are  approximately  parallel, 
and  the  planes  of  their  axes  are  commonly  so  nearly  horizontal  as 
to  make  the  whole  assemblage  appear  level  or  horizontal.  Quartz 
veins  are  common  throughout  the  schist  areas.  They  are  generally 
small,  occurring  as  stringers  from  a  fraction  of  an  inch  up  to  a  few 
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feet  in  thickness,  but  are  so  numerous  as  to  form  probably  a  consid- 
erable proportion  of  the  entire  mass. 

Although  the  proportion  of  metamorphosed  igneous  material  is 
small,  fresh  granitic  intrusives  are  rather  common  and  occur  as  irreg- 
idar  masses  up  to  a  few  miles  in  diameter,  fringed  with  dikes  that 
complicate  the  structure  of  the  schists.  The  elaborate  system  of 
repeated  intrusion,  so  extensively  developed  in  the  Fortymile  region, 
with  its  far-reaching  metamorphic  effects,  has  not  extended  to  the 
area  under  consideration. 

The  western  limit  of  the  metamorphics  is  in  the  ridge  northwest 
of  the  valley  of  the  Chatanika.  This  ridge  is  formed  of  quartzitic 
schists,  with  some  carbonaceous  schists  and  crystalline  limestone.  A 
few  miles  nearer  Beaver  Creek,  at  the  ends  of  spurs  extending  later- 
ally from  this  ridge  toward  Beaver  Creek,  there  are  outcrops  of  less- 
metamorphosed  feldspathic  quartzite  that  is  included  in  the  later 
group.  A  small  area  of  garnetiferous  schist  w  ith  associated  crystal- 
line limestone  occurs  in  the  Rampart  region  on  Minook  Creek  and  is 
included  in  the  Birch  Creek  schist. 

PALEOZOIC^  ROCKS. 

SILURIAN    AND   DKVONIAN. 

Betw^een  the  tw^o  areas  of  schists  above  described,  one  the  westward 
extension  of  the  schists  of  the  Fairbanks  region,  the  other  a  small 
area  whose  limits  are  not  known,  lie  rocks  most  of  which  are  regarded 
provisionally  as  Silurian  and  Devonian.  The  bulk  of  the  formation, 
as  already  mentioned,  is  made  up  of  cherts,  slates  wuth  alternating 
bods  of  conglomerate,  finer  fragmentals,  limestones,  and  gi'eenstones. 
These  rocks  may  be  roughly  divided  into  two  gi'oups  according  as 
cherts,  slates,  and  greenstones,  or  conglomeratic  rocks  with  massive 
limestones,  greenstones,  slates,  and  quartzites  i)redominate.  It  is  be- 
lieved that  those  forming  the  first  division  are  older.  The  term 
"Kampart  series"  has  been  used  by  Spurr"  in  gi'ouping  similar 
rocks  occurring  in  other  parts  of  the  Yukon-Tanana  country.  In 
those  areas,  however,  diabase,  tuffs,  and  green  slates  are  most  abun- 
dantly developed,  and  carbonacequs  slates  and  limestones,  though  fre- 
quently present,  are  of  minor  importance.  In  the  areas  under  con- 
sideration, while  greenstones  are  found  throughout  the  assemblage, 
black  slates,  cherts,  and  massive  dark  and  light-gray  limestones  are 
more  conunon  and  more  strikingly  characteristic.  A  section  of  these 
rocks  is  crossed  in  traveling  from  Chatanika  River  northward  to  the 
southern  edge  of  Yukon  Flats,  a  distance  of  about  60  miles,  and  this 
section,  though  incompletely  studied,  has  afforded  some  information 
in  regard  to  the  structure  and  age  of  the  rocks  composing  it. 

"  Spun-,  J.  S.,  Eighteenth  Ann.  Kept.  L'.  S.  Geo!.  Survey,  pt.  3,  1H\)1,  pp.  155-169, 
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The  general  strike  in  the  southern  part  of  the  section  is  about 
N.  50°  E.,  and  it  is  instructive  to  note  that  the  direction  of  structure 
so  strongly  emphasized  topographically  in  the  Alaska  Range  is  here 
repeated.  In  the  northern  part  of  the  section  the  strike  is  more 
nearly  east  and  west.  The  rocks  are  closely  folded  and  in  most  cases 
their  attitude  is  nearly  vertical.  There  is  a  distinct  symmetrical 
arrangement  with  reference  to  a  northeast-southwest  axis,  and,  so  far 
as  our  present  knowledge  extends,  this  symmetrical  disposition  of  the 
rocks  seems  to  be  a  fact  of  importance  in  regard  to  their  structure 
and  succession.  This  repetition  is  most  noticeable  in  the  occurrence 
of  limestone.  The  limestones  of  the  White  Mountains,  with  associated 
greenstones,  flanked  on  the  northwest  by  red  and  black  slates  and 
prominent  masses  of  impure  quarzite,  are  repeated  15  miles  to  the 
north  in  another  limestone  belt,  less  conspicuous  topographically  than 
that  of  the  AVhite  Mountains,  with  a  similar  association  of  rocks,  and 
flanked  on  the  northwest  by  similar  slates  and  quartzites.  The  rocks 
of  the  middle  portion  of  the  section  are  slates,  greenstones,  and  cherts, 
and,  although  the  relations  are  not  clear,  there  are  two  main  areas 
of  cherts  about  3  miles  apart,  with  black,  purple,  and  greenish 
slates  and  some  greenstones  in  the  intervening  space.  North  of  the 
northern  belt  of  cherts,  toward  the  northern  belt  of  limestones,  there 
are  conglomerates  containing  abundant  chert  pebbles.  Farther  south, 
toward  the  limestones  of  the  White  Mountains,  there  are  also  chert 
conglomerates  with  pebbles  an  inch  or  more  in  diameter,  associated 
with  finer  rocks  containing  grains  of  chert  and  fragments  of  slate. 
Black  slates  are  also  common  and  thin  beds  of  conglomerate  are  inter- 
bedded  with  them.  The  slates  are  closely  succeeded  by  the  limestones 
on  either  side,  and  although  the  direct  relation  of  the  two  kinds  of 
rock  was  not  observed,  it  is  believed  that  the  limestones  are  younger 
than  •the  rocks  above  described.  The  quartzite  flanking  the  limestone 
on  the  north,  which  is  very  similar  to  other  quartzites  apparently  in- 
terbedded  with  the  limestones,  contains  occasional  fragments  of  chert, 
and  it  seems  best  until  nirther  knowledge  is  available  to  consider 
the  flanking  slates  and  quartzites  as  partly  of  the  same  age  as  the  lime- 
stones and  partly  younger. 

Fossils  found  in  the  limestones  of  the  White  Moimtains  have  been 
determined  as  characteristic  of  early  to  middle  Devonian,  and  some 
of  them  are  possibly  of  Silurian  age;  but  the  stratigraphic  association 
makes  it  probable  that  all  the  remains  belong  approximately  to  the 
same  horizon,  and  the  determinations  point  more  definitely  to  the 
Devonian.  No  fossils  were  found  in  the  limestones  of  the  northern 
belt,  but  the  rocks  and  their  associations  are  very  similar,  and  no 
reasons  were  found  for  assigning  them  to  a  different  position. 

The  contact  relations  of  these  rocks  with  the  Carboniferous  rocks 
north  of  thein  and  the  metamorphics  south  of  them  are  not  cY^^a.^. 
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At  the  north  eiul  of  the  section,  fossils  deteruiiued  as  Pennsylvanian 
or  Permian  wei-e  foun<l  in  a  low.  outlying  ridge  overlooking  the 
fiats.  South  of  these  are  black  slates  and  cherts  at  the  base  of  a  hi^ 
ridge,  the  topmost  points  of  which  are  quartzites  containing  occa- 
>ional  chert  i>ebbles  interlxnlded  with  red  and  black  slates  and  some 
dark  limestones.  The  relation>  with  the  metamorphics  on  the  south 
weiv  not  obx»rvc»d. 

The  evidence  at  hand  seems  sufficient  to  justifj'  only  the  statemeut 
that  in  the  Miction  fn»m  Chatanika  River  to  Yukon  Flats  there  is  a 
large  area  of  closely  folded  rocks,  in  part  of  Devonian  age  and  in 
part  probably  older,  flanked  on  the  south  by  highly  metamorpho^ 
schists  and  on  the  north  by  shaly  slates  containing  Carbonifeix)Us 
fossils. 

In  the  Ilampart  region  a  variety  of  rocks  like  those  already  de- 
scriluMl  is  found.  Thesi*  roc-k>  have  undergone  greater  disturbance 
and  have  lx»en  more  orenerally  intruded  by  igneous  material.  They 
have  lx»en  closely  folded:  many  of  them  have  been  greatly  sheared 
and  in  some  platvs  brecciated.  The  strike  of  the  rocks  is  nearly  east 
and  west.  The  garnetiferous  mica  schists  and  uiarbles  of  Ruby 
Crcfk,  considcri  (1  pre-Ordovician,  are  followed  on  the  north  by  cherts 
and  <rreenstoncs  and  on  tlie  south  by  rocks  including  slate,  chert, 
sheared  chert  conglomerate,  fine-grained  r(x*ks  having  the  same  com- 
position as  the  chert  conglomerate  and  also  sheared  until  they  have 
been  renilcnHl  schistose,  massive  quartzites,  and  siliceous  limestones, 
in  places  much  brecciated.  Here.  also,  the  succession  seems  to  te 
from  chert  and  slates  through  chert  conglomerate  to  fine  slate  and 
limestone. 

A  |)artial  sn('<'es>i()n  has  been  ol)>erved  in  other  localities  in  the 
Rampai't  region.  The  main  divide  east  of  Lynx  Mountain  is  com- 
posed mostly  of  chert  flanked  by  chert  conglomerate,  and  al  one 
locality  near  \\\o  soulheastern  base  of  Lynx  Mountain  there  are  fine 
exi)<)snr(^s  showing  at  the  base  a  conglomerate  containing  sheared 
clieil  j)el)l)les  several  inches  in  diameter,  cnanging  gi*adually  to  alter- 
nating beds  of  finer  material,  (iray  slates,  highly  folded  and 
cleaved  and  pitching  eastward,  were  ()bs(»rved  not  far  from  this 
locality.  These  slates  contain  thin  beds  of  (juartzite,  a  few  inches  to 
a  foot  or  moie  thick,  which  contain  grains  of  chert. 

In  Troublesome  \'allev  the  sncc(»ssion  seems  to  be  the  same.  A  sec- 
tion southward  between  Troublesome  and  Hunter  creeks  shows  green- 
stones, cherts,  sheared  chert  conglomerate,  and  slates,  with  discon- 
nected limestone  masses  in  which  fossils  determined  as  Devonian  were 
found.  The  chert  conglomerates  are  at  many  places  found  in  close 
association  with  the  limestones,  and  at  the  locality  where  Devonian 
corals  w(»re  collect(»d  conglomerate  with  chert  and  quartz  jiebbles  is 
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found  in  close  association  with  the  limestone,  which  also  contains 
quartz  pebbles. 

Most  of  the  rocks  encountered  in  the  Rampart  region  form  a  con- 
tinuation along  the  strike  of  those  occurring  in  the  section  from  the 
White  Mountains  nearly  to  Yukon  Flats.  The  same  lithologic  types 
and  the  same  associations  are  found,  and,  so  far  as  the  meager  fossil 
evidence  is  available,  it  corroborates  the  relationship  of  the  rocks  in 
the  two  areas.  Similar  rocks  are  developed  south  of  Xanana  River, 
where  extensive  masses  of  altered  rhyolite  occur  with  them.  This 
correlation  is  based  on  lithologic  and  stratigraphic  evidence  alone. 

The  fossils  collected  by  the  Survey  in  1904  are  mentioned  in  the 
following  list  The  determinations  were  made  by  E.  M.  Kindle,  of 
the  United  States  Geological  Survey. 

Fths.sils  from  the  White  Mountains, 

4  AP240.  This  lot  contains  two  corals,  a  Michrlina  and  a  Zaphrenth,  neitlier 
of  which  is  specifically  determinal)le.     Horizon  prol)al>ly  Devonian. 

4AP241.  Favosites  near  epidcnnatus  occnrs  in  this  collection  indicating  a 
horizon  of  Middle  Devonian  age. 

4  AP242.  Specimens  of  a  coral  comparable  witli  FaroRifcs  xrincheUi  comprise 
the  collection  from  this  locality.     Horizon  probably  Afiddle  Devonian. 

4  AP  243, 245,  and  240.  These  lots  represent  the  same  horizon.  The  fanna 
represented  in  the  collection  comi)rises  a  sinj^le  species  of  brachioix>d  Gypidula 
cf.  pseudogaleatus.  The  horizon  represented  is  either  late  SiUirian  or  early 
Devonian,  prol)ably  the  latter. 

4  AH  180.  Includes  only  i)oorly  preserve<l  specimens  of  Cladopora.  Probai)ly 
of  Middle  Devonian  age. 

4  AH  10.3.  The  fossils  represented  are  Cj/thcrella  sp.,  Cladopora  sp.,  ana 
Ptilodictya  f  cf.  frondosa.     The  horizon  is  prol)ably  Silurian. 

4  AH  104.  Favosites  near  limitaris  occurs  in  this  lot,  indicating  a  horizon 
probably  near  Middle  I>evonian. 

4  AH  105.  Contains  an  undetermined  i^fromatopfyra.    Age  pn)i)al>ly  Devonian. 

Fossils  from  the  Rampart  rc(ii(\n. 

4AP303.  Two  poorly  preserved  specimens  of  Aulacnphyllum  comprise  tliis 
lot.  The  horizon  represented  may  be  either  Devonian  or  Silurian  so  far  as  the 
evidence  from  this  material  indicates. 

4AP317.  Minute  fragments  of  small  coi'als  in  a  breccia  comprise  this  lot. 
Fossils  too  fragmentary  for  determination  of  the  age. 

Additional  material  from  the  Rampart  i-egion  collected  during 
1907  was  also  referred  to  Mr.  Kindle,  and  the  following  is-:  quoted 
from  his  report : 

7AP277  (QuaU  Creelc).  This  lot  contains  several  species  of  corals  and 
fragmentary  representatives  of  a  large  lamel libra ucb  and  a  gasteropod.  They 
are  referred  provisionally  to  the  following  geatTa  : 

Cladopora?  Diphyphyllum. 

Syringopora.  Megalonnis?? 

Amplexus?  Pleurotomaria  ? 

Streptelasma? 
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The  minute  characters  used  for  si)ecific  limitation  in  corals  are  not  well 
enough  preserved  to  justify  any  attempt  at  the  si)ecific  determination  of  the 
corals.  Since  the  genera  noted  above  are  all  common  to  both  Devonian  and 
Silurian  horizons,  they  afford  no  definite  evidence  as  to  which  of  the  two 
the  corals  represent.  The  chief  interest  of  the  collection  lies  in  the  lamelli- 
branch  fragments,  which  represent  a  very  large,  thick-shelled  form  that  ap- 
pears almost  certainly  to  be  specifically  identical  with'a  shell  occurring  in  the 
limestones  of  (ilacier  Bay  and  siniilar  beds  at  Freshwater  Bay  iu  southeastern 
Alaska.  This  southeastern  Alaska  shell  has  been  referred  to  the  genus  Mrga- 
lomuH  and  considercnl  to  belong  to  a  late  Silurian  fauna. 

7  AV  ;ilS  and  7  AP  »!>()  (Heaul  of  Little  Minook  Creek).  This  material 
lias  yielded  four  or  five  siR»cies  of  brachioiKxls,  rei)re8ented  by  very  i)oor  frag- 
ments, so  that  even  approximate^  determination  is  diflicult.  They  may  be  ten- 
tatively referred  to  the  following  genera : 

C'honetes?  Amphigenia? 

Stroi)luHMlonfa.  Khi])idomeIla  ? 

DelthyrisV 

The  determination  of  ^trophcodonta  is  based  on  a  fragment  of  a  single 
valve,  but  the  distinctly  dentlculattHl  hinge  line  leaves  but  little  doubt  of  the 
correctness  of  this  generic  determination.  This  genus  is  unknown  in  the 
Carboniferous  '*and  is  emphatically  characteristic  of  the  Devonian."  Amphi- 
gcnUi,  which  Is  believed  to  l>e  representeil  by  a  fragmentary  mold  of  a  iiedicle 
valve,  is  also  limited  to  the  Devonian.  The  siwclmen  referred  to  Dclthymt 
is  unique  In  Its  ornamentation  and  may  i)08slbly  l>elong  to  another  genus. 
There  are  also  two  other  doubtfully  determined  genera  of  brachloixxls,  repre- 
sented by  fragments.  The  small  gasteroiKxls,  which  are  represented  by  molds 
beUmglng  to  two  or  thnn^*  spwies,  contribute  no  evidence  as  to  the  age  of  the 
fauna.  Although  more  and  better  material  Is  needed  to  determine  the  horizon 
with  certainty,  it  is  believed  that  the  forms  determined  as  Strophcodonta  and 
Amphiycniat  necessitate  placing  the  fauna  In  the  Devonian,  at  least  provi- 
sionally. 

The  occurrence  of  this  fauna  in  conglomerates  lnterbedde<l  with  black  shales 
lea<ls  uie  to  believe  that  It  belongs  near  the  top  of  the  Devonian  of  the  Yukon 
section,  In  be<ls  corresi)ondlng  to  the  black  shales  of  the  Calico  BluflP  section. 

The  fauna  is  (piite  unlike  any  other  Alaskan  famia  which  has  come  under 
my  observation,  but  for  the  reasons  already  stated  it  should,  in  my  Judgment, 
be  placed  provisionally  in  the  Devonian. 

CARnOMFEROlS. 

At  the  extreme  northern  limit  of  the  hill  country,  in  a  minor  ridge 
bordering  Yukon  Flats,  there  are  greenish,  grayish,  and  black  slates, 
with  siliceous  material,  scattered  fragments  of  which  were  found  to 
ccmtain  fossils  indicating  a  Pennsylvanian  or  Permian  age.  At  an- 
other locality,  about  15  miles  farther  southwest,  just  south  of  Hess 
Cieek,  fossils  also  regarded  as  Carboniferous  were  found  in  soft, 
bhick  carbonaceous  shales.  At  both  localities  the  rocks  are  in  close 
association  on  the  south  with  cherts  and  slates.  It  is  possible  that 
there  is  a  fault  between  tlu»  two  fornuitions,  and  the  relation  is  so 
represented  in  the  section.  All  that  can  ho  affirmed  at  present  is  that 
in  the  northern   part  of  the  area  there  occur  Carboniferous  ro<.*ks, 
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whose  extent  and  relations  to  the  rocks  of  Devonian  age  are  not 
yet  determined. 

The  following  fossils,  determined  by  G.  H.  Girty,  were  collected 
at  the  two  localities,  and  the  discussion  of  them  is  quoted  from  his 
report  : 

Fossils  from  near  Yukon  FUitx  and  from  Hess  Creek,  Alaska, 


4  AH  213. 


Steiiopora  2  sp. 
Feiiestelhi    sp. 
KhoinboiKira    sp. 


Fistulipora  sp. 
St rouia  tof  mm  'i  sp. 
Coral  sp. 
Fistii]iiK)ra   sp. 
FistuliiMH-a?   sp. 

('oral?  sp. 
Lithostrotion?  sp. 
Fi8tulii>ora  3  sp. 
Rhomboi)ora  sp. 


Khombopora  sp. 
Product ns?  sp. 
Lima?   sp.    • 


4  AP  270. 


Rbombopora  sp. 
Rhoiuboix>ra  sp. 
Spirifer  n.  sp.? 
Husteclia  cf.  H.  conipressa  Meek. 


4  AP  277. 


Polypora?  sp. 
Archimedes?  sp. 
Productns  sp. 
Eiiomi>haliis  sp. 


The  presence  of  the  form  identified  as  Ilustedia  comprcssa  seems  to  show  that 
lot  270  belongs  in  the  Pennsylvanian,  perhaps  in  the  "  Permo-Carboniferous." 
The  ages  of  the  other  lots,  although  without  much  doubt  being  Carboniferous, 
are  less  certain.  While  probably  no  species  is  common  to  all  three  collections, 
yet  in  a  general  way  the  fades  is  much  the  same,  and  it  is  quite  jwssible  that 
all  represent  the  same  fauna. 

It  will  be  observed  that  only  in  one  case  have  the  forms  collected  been  identi- 
fied specifically.  In  many  instances  the  material  is  too  imperfectly  preserved 
to  admit  of  more  than  the  genus  being  determined.  In  others  tlie  species  are 
distinct  from  those  of  the  Mississippi  Valley  sections,  and  entirely  new  unless 
some  of  them  liave  been  described  in  Euroiiean  and  Asiatic  publications  not 
included  in  my  bibliography  and  therefore  difficult  of  reference. 

I  have  consulted  freely  with  Mr.  Bassler  wherever  the  Bryozoa  were  con- 
cerned. 

MESOZOIC    ROCKS. 


CRKTACEOUS. 


On  the  flanks  of  Wolverine  and  Lynx  mountains  there  are  black, 
rather  massive,  carbonaceous  sandy  shales.  In  those  of  Wolverine 
Mountain,  which  form  ^eat  rock  piles  along  the  upper  i)arts  of  the 
spurs  at  an  altitude  of  over  1,000  feet  above  the  base  of  the  mountain, 
there  were  found  in  1905  fragments  of  dicotyledonous  leaves  and  a 
part  of  an  indeterminable  bivalve,  and  on  this  basis  the  rocks  were 
assigned  to  the  Cretaceous.  The  Lynx  Mountain  rocks  are  correlated 
on  only  lithologic  grounds. 
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During  1907  additional  material  was  obtained  and  referred  to  Dr. 
T.  W.  Stanton  for  determination.  The  following  is  quoted  from  his 
report : 

While  the  fossils  are  fairly  weU  preserved,  they  have  been  considerably  dis- 
torted, so  that  it  is  not  practicable  to  make  si>ecific  determination.  The  better 
preserved  forms  appear  to  be  uiidescribed.  The  following  list  will  show  the 
forms  recognized  in  each  lot: 

4278.  7  AP  271   (Spur  of  Wolverine  Mountain). 

Hemiaster?  sp.  Lucina  sp. 

Pecten  sp.  Pleuromya  sp. 

Inoceramus  cf.  labia tus  Schloth.  Pachydiscus  sp. 

Cuculla^a  sp.  Pachydiscus?  sp. 

4279.  7  AP  278  (Ridge  on  left  limit  south  fork  of  Quail  Creek). 

Hemiaster?  sp.  Pachydiscus  sp. 

Cucullaea  sp.  Pachydiscus?  sp. 

4280.  7  AP  279  (Right  limit  south  fork  of  Quail  Creek). 

Pachydiscus  sp. 

These  fossils  evidently  all  belong  to  practically  a  single  horizon  which  is 
confidently  referred  to  the  IIpi)er  Cretaceous.  ♦  ♦  ♦  The  si)ecies  of  Itw- 
f'vramus  is  very  likely  one  that  has  l)een  i)reviously  found  on  the  Yukon,  but 
the  specimens  in  the  present  collection  are  too  imperfect  to  ser\'e  as  the  basis 
for  a  iK)sitive  identification.  The  most  imi)ortant  forms  are  ammonites,  which 
make  up  the  bulk  of  the  collection  and  which  I  have  referred,  in  some  eases 
doubtfully,  to  the  genus  Pachydiscus,  These  are  unquestionably  Upper  Creta- 
ceous types. 

These  Cretaceous  rocks  have  been  abundantly  intruded  by  dikes 
of  granular  igneous  rocks  of  intermediate  composition  that  are  de- 
scribed l)eh)w  and,  furthermore,  are  much  seamed  with  small  quartz 
veins,  many  of  which  are  ferruginous. 

CENOZOIC    R()(^K8. 
TERTIARY. 

Rocks  determined  as  Kenai  (Eocene)  occur  along  the  Yukon  above 
Rampart  and  are  found  also  for  a  sliort  distance  up  the  valley  of 
Minook  Creek,  where  they  contain  a  small  amount  of  coal.  They 
are  conglomerates,  sandstones,  and  clays  resting  unconformably  upon 
the  older  rocks.  In  some  places  they  are  hardly  consolidated  suffi- 
ciently to  withstand  the  pick,  and  prospect  holes  have  been  sunk  into 
this  formation  under  the  impression  that  the  material  belonged  to 
the  stream  deposits.  These  rocks  are  tilted  but  otherwise  are  little 
changed.  The  same  formation  is  found  in  considerable  areas  south 
of  Tanana  River  (see  PL  I),  where  it  carries  some  good  lignitic  coal 
seams. 
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QUATERNARY. 


The  changes  in  elevation  with  reference  to  sea  level  which  the 
Yukon-Tanana  country  has  undergone  have  left  benches  at  various 
altitudes,  some  of  them  of  considerable  extent,  which  stand  generally 
in  a  crefinite  relation  to  the  present  drainage  lines.  Gravel  was  de- 
posited on  some  of  the  benches  during  their  formation.  Part  of  this 
gravel  is  regarded  as  of  Pleistocene  age. 

Such  deposits  have  been  found  in  the  Fairbanks  region  in  the  val- 
ley of  Fairbanks  Creek,  and  in  the  Rampart  region  along  Hess  Creek 
and  its  tributaries,  along  the  Minook.  and  along  the  tributaries  of 
Baker  Creek.  The  deposits  of  the  high  bench  of  the  Minook,  approxi- 
mately 500  feet  above  the  present  stream,  are  of  interest  with  refer- 
ence to  the  occurrence  of  gold  in  the  tributaries  of  Minook  Creek. 
The  bench  gravels  of  the  Baker  drainage  have  proved  in  some  places 
to  be  of  great  economic  importance.  The  description  of  these  gravels 
and  the  deposits  of  the  present  streams  is  given  elsewhere  in  this 
report  in  the  account  of  the  gold  placers. 

Silts  also  have  accumulated  in  great  quantities  in  the  larger  valleys 
throughout  the  interior  of  Alaska,  and  as  gravels  have  been  re^ieat- 
edly  deposited  on  successively  lower  benches,  so,  too,  silts  have  been 
deposited  at  different  levels  down  to  that  of  the  present  flood  plains. 
These  were  probably  laid  doWn  under  lacustrine  conditions  and  the 
interaction  of  lacustrine  and  fluviatile  conditions,  and  the  age  of  depo- 
sition dates  from  the  Pleistocene,  or  earlier,  to  the  present  time. 

IGNEOUS  ROCKS. 

In  the  geologic  historj^  of  the  Yukon-Tanana  region  igneous  rocks 
have  flayed  a  very  important  part,  and  though  not  so  widely  dis- 
tributed in  this  western  part  of  the  area  they  form  nevertheless  an 
essential  part  of  tlie  bed  rock. 

The  igneous  rocks  include  material  that  in  a  more  or  less  molten 
condition  has  penetrated  the  other  rocks  in  various  forms  at  various 
times  and  at  various  depths  below  the  contemporary  surface  and  also 
material  that  has  been  poured  out  upon  the  surface  as  lava  flows  or 
has  been  ejected  as  fragmental  material.  The  rocks  formed  by  the 
consolidation  of  the  molten  material  have  characteristics  so  indic«a- 
(ive  of  their  origin  that  miners  generallv  distinguish  with  little  diffi- 
culty the  igneous  from  the  sedimentary  rocks  with  which  they  are 
associated,  or  the  igneous  material  present  in  the  gravels  from  the 
sedimentary  material  with  which  it  is  mixed. 

The  differences  in  the  composition  of  the  igneous  rocks  are  not  so 
readily  observed.  Coarse-grained,  fine-grained,  and  glassy  rocks  en- 
tirely different  in  appearance  mav  result  from  the  same  material 
solidifying  under  different  conditions,  and  furthermore,  the  igneous 
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material  from  which  the  rocks  are  derived  has  a  wide  range  of  chemi- 
cal composition,  and  the  rocks  that  result  from  its  solidification  pre- 
sent a  great  variety  of  mineral  composition  and  many  gradational 
types.  Therefore,  no  hard  and  fast  lines  can  \)e  drawn  between  the 
kinds  of  igneous  rocks  resulting  from  solidification  through  more  or 
less  complete  crystallization.  P^irthermore,  some  of  the  igneous 
rocks,  since  their  solidification,  have  l)een  greatly  changed  by  meta- 
mori^hism  along  with  the  sedimentary  rocks  with  which  they  are 
associated,  and  their  original  characteristics  have  been  more  or  less 
obscured  by  the  processes  that  have  altered  them.  For  the  purposes 
of  this  brief  report  the  igneous  rocks  of  this  aiva  need  to  be  con- 
sideretl  only  in  a  veiy  general  way.  For  sake  of  (convenience  they 
are  divided  into  granitic  I'ocks,  nionzonitic  I'ocks,  greenn^nes,  and 
l)asalts. 

(JKAXITIC    ROC^KS. 

Intrusive  biotite  granite  and  h()rnl)lende  granite  occur  in  parts  of 
the  Fairbanks  region,  notably  in  the  ridge  south  of  Gilmore  Cre^k,  on 
Twin  Creek,  Pedro  Dome,  and  at  the  head  of  Chatham  Creek.  The 
rock  of  some  of  these  localities  is  porphyritic  with  feldspar  crystals 
an  inch  or  more  in  diameter,  and  that  at  other  localities  is  fine  and 
even  grained.  The  rocks  are  fresh  and  have  not  undergone  the 
metamorphism  that  has  altered  the  schists.  Intrusive  gneisses,  such 
as  are  connnon  in  the  Fortymile  region,  were  not  observed,  nor  are 
the  injection  zones  that  are  so  common  in  the  Fortymile  coimtry  pres- 
ent in  this  western  i^art  of  the  Yukon-Tanana  region.  There  are  a 
few  areas  of  coarse-grained  biotite  granite  in  the  northern  part  of  the 
region,  near  the  head  of  Beaver  Creek  and  between  Beaver  and  Vic- 
toria creeks.  Another  area  is  located  on  the  southern  side  of  the 
divide,  near  the  head  of  the  Tolovana  drainage.  These  intrusive 
masses  were  probably  injected  during  Mesozoic  time. 

Granitic  rocks  are  not  of  common  occurrence  in  the  Rampart  region. 
The  most  extensive  mass  observed  forms  a  part  of  the  summit  of 
Wolverine  Mountain,  where  it  occupies  an  area  about  1,000  feet  w^ide. 
It  is  a  i)()ri)hyritic,  massive,  gray  rock  composed  chiefly  of  quartz, 
phenocrysts  of  orthoclase  a  half  inch  or  more  in  diameter,  consider- 
able plagioclase,  some  biotite  and  hornblende,  and  a  little  pyroxene. 
The  rock  is  finer  grained  toward  the  margin ;  the  slates  in  contact 
with  it  have  been  indurated,  and  their  fracture  surfaces  are  flecked 
with  the  products  of  metamorphism,  chiefly  tindalusite. 

A  similar  rock  occurs  west  of  the  mountain  near  the  saddle  where 
the  trail  passes  through  the  ridge  to  descend  toward  the  Hutlina. 
This  is  also  a  gray  porphyritic  rock,  but  the  pori)hyritic  feldspars, 
some  of  them  an  inch  or  more  in  diameter,  have  a  tabular  develop- 
ment.    The  proportion  of  pyroxene  is  greater,  there  is  less  quai^tz, 


DESCBIPTIVE   GEOLOGY.  27 

and  the  composition  of  the  rock  is  transitional  to  that  of  the  mon- 
zonitic  rocks.  Rocks  similar  in  composition  t^  those  of  Wolverine 
Mountain  occur  also  in  Lynx  Mountain  along  with  monzonitic  rocks, 
but  their  outcrops  were  not  observed. 

A  porphyritic  biotite  granite  is  found  in  the  vicinity  of  Baker  Hot 
Springs,  where  it  is  intrusive,  in  black  carbonaceous  slates. 

MONZONITIC  ROCKS. 

The  most  common  intrusive  in  the  Rampart  region  is  a  monzonitic 
rock  that  varies  in  color  from  dark, brown  to  nearly  black.  It  is  a 
medium  to  fine-grained  rock,  and  the  coarser  varieties  show  abundant 
plates  of  reddish-brown  mica,  the  most  striking  mineral  i)resent.  All 
the  minerals  of  this  rock  are  fresh  and  include  about  equal  propor- 
tions of  an  orthoclase  feldspar  and  of  plagioclase,  which  is  embedded 
in  the  irregular  limpid  mottled  grains  of  i^otash  feldspar,  abundant 
pale-green  monoclinic  pyroxene,  biotite,  and  a  small  i^roi)ortion  of 
olivine.  Hypersthene  occurs  frequently,  its  small  prisms  often  fring- 
ing the  grains  of  olivine,  at  the  expense  of  which  it  has  probably  been 
formed.    There  is  some  apatite  and  often  much  magnetite. 

This  rock  occurs  in  Lynx  Mountain  and  in  the  ridge  at  the  heads 
of  Glenn,  Rhode  Isknd,  and  Omega  creeks,  where  it  forms  a  mass  of 
considerable  extent.  The  numerous  small  dikes  of  minette-like  rock 
in  the  slates,  from  1  foot  to  3  feet  thick,  containing  prominent  plates 
of  bleached  biotite  and  a  large  proportion  of  nearly  colorless  pris- 
matic crystals  of  monoclinic  pyroxene,  are  probably  to  be  referred 
to  this  type. 

A  portion  at  least  of  the  granular  rocks  of  intermediate  composi- 
tion in  the  Rampart  region  are  intrusive  in  Upper  Cretaceous  rocks 
and  it  is  probable  that  all  of  them  are  of  the  same  general  period. 

GREEN  S'R)NES. 

The  greenstones  include  serpentine,  altered  gabbro,  diabase,  basalt, 
and  much  tuffaceous  material,  and  have  at  many  places  been  intruded 
by  fresh  diabasic  rocks.  Some  show  clearly  their  mode  of  origin, 
others  are  indefinite  aphanitic  chertlike  rocks.  They  occur  abundantly 
in  the  area  lying  between  the  White  Mountains  and  Rampart.  Their 
dark  color  contrasts  strongly  with  the  associated  limestones  of  tl^e 
White  Mountains.  They  form  the  prominent  ridges  across  Beaver 
Valley  west  of  these  mountains  and  occur  in  the  area  between  this 
ridge  and  Yukon  Flats.  Farther  west  they  become  prominent  in 
the  ridge  north  of  Hess  Creek.  In  the  Rampart  region  they  form 
the  bed  rock  in  the  lower  part  of  Troublesome  Valley  and  are  the 
most  widely  distributed  rocks  in  the  lower  valley  of  the  Minook  below 
the  mouth  of  Florida  Creek. 
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The  liTeenstones  are  partly  intrusive  and  partly  extrusive  in  the 
rocks  in  whicrh  they  occur.  Those  in  association  with  the  limestone 
are,  so  far  as  lias  l)een  observed,  parallel  to  the  structure,  and  further- 
more, some  of  them  are  altered  basalts  containing  numerous  amyg- 
dules  filled  with  calcite.  I)ial)asic  intrusives  cut  the  serpentine  and 
in  the  Kami)art  region  intrude  the  Rampart  slates.  The  volcanic  ac- 
tivity that  resulted  in  the  production  of  this  material  took  place,  prin- 
cipally at  least,  during  the  deposition  of  the  rocks  regarded  as  Silur- 
ian and  Devonian. 

hasat.t. 

A  fresh  olivine  basalt  occurs  on  Minook  Creek  about  1  mile  above 
its  mouth.  On  Hunter  Creek,  a  short  distance  above  its  mouth,  and 
ai)parently  related  to  the  basalt  in  .their  occurrence,  are  volcanic 
ghisses  containing  basic  feldsi:)ar  phenocrysts.  These  volcanics  ai'e 
pi'obably  sul)se(|uent  to  th(»  Kenai.  A  small  mass  of  basalt  was  also 
obs(»rve(l  in  tlu»  Faiibanks  i'(»gion  in  tlic  valley  of  Fairbanks  Creek. 

MKTAMOKPIIOSKI)    RIIYOLITES. 

In  the  region  south  of  Tanana  River  there  are  interbedded  with 
the  cherts  and  slates  (Dev(mianif)  large  masses  of  augen  gneisses 
which  on  microscopic  examination  proved  to  be  altered  rhyolites. 
Th(\se  rocks  range  from  a  coarsely  porphyritic  gneiss  with  feldspars 
up  to  2  inches  in  diameter  to  an  evenly  fine-grained  sericite  schist  with 
no  grains  visible  to  the  eye.  The  most  connnon  type  is  composed  es- 
sentially of  (juartz  and  feldspar  grains  in  a  groundmass  of  quartz  and 
felds])ar  largely  sericitized.  Remnants  of  original  igneous  textures 
are  preserved.  l)ut  the  j^resent  structures  and  textui^es  are  due  mostly 
to  cataclastic  action  and  rccrvstallization. 

SUMMARY. 

The  greatest  part  of  the  area  is  formed  of  closely  folded  rocks  strik- 
ing northeast  and  southwest,  sei)arable  into  two  large  groups,  one  in- 
cluding highly  metamorphosed  schists  regarded  as  early  Paleozoic  or 
2)re-Paleoz()ic  and  the  oth(»i'  lacing  made  up  of  rocks  greatly  variable 
in  kind  l)ut  characterized  in  general  by  a  less  degree  of  metamorphism 
and  regarded  as  predominantly  Silurian  and  Devonian.  Igneous 
I'CK'ks  are  an  essential  constituent  of  the  area.  Some  of  them  have 
been  highly  metamorphosed  along  with  the  sedimentary  rocks  that 
are  now  schists:  others  ai*e  fresh  granitic  or  more  basic  intrusives  that 
were  probably  injected  at  the  end  of  Mesozoic  time;  and  still  others, 
which  are  present  to  a  minor  extent,  are  comparatively  recent  ex- 
trusives.  Igneous  rocks  oc(*ur  in  all  the  areas  that  produce  gold,  but 
are  not  confined  to  these  areas,  and  the  gold  occurrences  are  probably 
to  be  referred  partly,  at  least,  to  a fter-e fleets  uf  intrusion. 
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ECONOMIC   GEOT^OGY. 

FAIRBANKS  REGION. 
GENERAL   STATEMENT. 

The  Fairbanks  region  includes  the  gold  placers  of  the  Tanana 
Valley  about  260  miles  above  the  mouth  of  4he  river.  They  comprise 
parts  of  the  valleys  of  small  streams,  most  of  which  are  within  25 
miles  of  the  navigable  water  of  the  Tanana.  The  location  of  a  trad- 
ing post  in  this  part  of  the  Tanana  Valley  in  1901  was  followed  in 
1902  by  the  discovery  of  gold.  The  region  began  to  attract  attention 
and  by  the  end  of  1903,  with  a  production  of  at  least  $40,000,  had  be- 
come of  prospective  importance.  The  work  of  1904  resulted  in  a 
production  of  about  $600,000.  which  was  increased  in  1905  to  about 
$6,000,000,  and  in  1906  to  over  $9,000,0(k). 

The  Fairbanks  region  was  visited  by  A.  H.  Brooks**  in  1906  and 
1907,  and  the  condition  of  the  creeks  is  thus  described  by  him : 

Clejiry,  Fairbanks,  Dome,  Vault,  Esther,  Goldstream,  and  Pedro  creeks  and 
their  tributaries  are  the  chief  producing  creeks  of  the  district.  Cleary  continues 
to  stand  first  in  production,  with  Fairbanks  in  second  place.  The  finding  of 
values  on  Cripple  and  Treasure  creeks  definitely  extends  the  producing  area 
to  the  southwest,  and  reported  discoveries  of  gold  in  the  upper  Chena  may  show 
a  northeasterly  extension  of  the  sjime  belt,  tliough  this  is  not  yet  established. 

The  facts  in  hand  are,  however,  sufficient  to  determine  that  there  is  a  gold- 
beiiring  zone,  at  least  10  miles  wide,  running  northeast  and  southwest,  which 
has  been  traced  for  about  30  miles.  Its  northeastern  extension  would  intersect 
the  upper  Chena  basin,  while  to  the  southwest  it  runs  out  into  Tolovana  flats. 
A  logical  deduction  from  these  facts  would  suggest  that  the  prospector  could 
turn  his  attention  to  the  Chena  basin  and  to  the  streams  draining  the  upland 
which  bounds  the  Tolovana  flats  on  the  east.  It  should  be  remembered,  how- 
ever, that  the  Investigations  so  far  made  indicate  that  the  conditions  which 
bring  about  mineralization  are  local,  and  hence  the  formation  of  placers  proba- 
bly does  not  persist  over  any  great  distance. 

Worthy  of  special  note  are  the  rich  placers  found  last  year  on  Vault  Creek, 
which  had  previously  been  unproductive.  On  nearly  all  the  producing  streams 
which  are  tributary  to  the  Chatanika  tlie  pay  streak  has  been  traced  well  down 
to  the  main  river.  In  fact,  the  origin  of  the  rich  gravels  found  in  various 
places  at  100  to  200  feet  depth  under  the  valley  floor  of  the  Chatanika  is  among 
the  most  puzzling  of  the  phenomena  connected  with  the  placers  of  this  district. 
Interest  in  Goldstream  Creek  was  revived  during  last  summer  by  some  rich 
placer  discoveries,  and  as  a  result,  though  the  creek  was  almost  abandoned  in 
the  early  part  of  the  summer,  later  it  was  studded  with  oix?rators  for  several 
miles. 

Of  the  outlying  districts  tributary  to  Fairbanks  the  Tenderfoot  probably 
made  the  largest  production,  estimated  at- $300,000.  The  gravels  on  Tender- 
foot Creek  are  deep,  but  in  the  smaller  creeks  are  said  not  to  exceed  S  to  10 
feet  in  depth.  It  would  apiiear  that  these  deposits  lie  in  a  different  zone  from 
those  of  Fairbanks. 

«  Brooks,  A.  H.,  report  on  progress  of  investigations  of  mineral  resources  of  Alaska, 
1906 :  Bull.  U.  S.  Geol.  Survey  No.  314,  1907.  pp.  36-37. 
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Some  work  was  done  ou  the  streams  tributary  to  the  upper  Chatanika,  where 
probably  30  men  were  at  work.  Some  gold  has  been  found  on  Faith,  Hope,  and 
Homestake  creeks.  The  pay  streak  Is  thin  and  the  values  are  said  to  be  regu- 
larly distributed. 

Up  to  the  present  time,  1907,  transportation  to  the  Fairbanks 
re^on  from  outside  points  has  been  by  way  of  Dawson,  St.  Michael, 
or  Valdez.  The  Valdez  route  is  convenient  for  many  who  desire  to 
rea(!h  Fairbanks  before  the  oi:)ening  of  navigation  and  is  traveled 
extensively  during  the  winter  season.  Supplies  shipped  in  the  spring 
to  Fairbanks  hy  way  of  Dawson  reach  their  destination  earlier  in  the 
season  than  if  shipped  by  way  of  St.  Michael,  as  the  upper  Yukon  is 
first  open  to  navigation.  Freight  rates  on  supplies  shipped  from 
Seattle  to  Fairbanks  vary  greatly  according  to  their  position  in  the 
freight  classifications  and  according  as  they  are  sent  by  way  of 
Dawson  or  St.  Michael.  During  1905  the  rates  ranged  from  $55  to 
$75  [)er  ton  on  ordinai-y  supplies.  First-class  passenger  rates  have 
ranged  from  $125  to  $150. 

The  town  of  Fairbanks  is  situated  on  a  slough  of  the  Tanana, 
near  the  head  of  easy  navigation,  and  in  1905  had  a  population  of 
about  2,500.  During  dry  seasons  the  quantity  of  water  in  the  slough 
is  so  small  that  some  of  the  steamers  have  difficulty  in  reaching  the 
town.  The  larger  boats  that  ply  occasionally  on  the  Tanana  are 
unable  to  reach  Fairbanks  except  at  high  water,  and  their  supplies 
are  left  at  Chena.  Wages  for  miners  are  generally  $5  and  board,  in 
some  cases  $6  and  board,  per  day. 

Fairbanks  has  newspapers,  a  school  system,  and  three  banks — one 
of  them  a  national  bank  with  currency  of  its  own  in  circulation — and 
is  the  seat  of  the  court  which  has  jurisdiction  over  the  whole  of  the 
interior  of  Alaska. 

The  town  of  Chena  is  situated  about  9  miles  from  Fairbanks,  at 
the  entrance  of  the  slough  into  the  main  river.  It  is  accessible  for 
the  largest  boats,  but  has  the  disadvantage  of  being  several  miles 
farther  from  most  of  the  gold-producing  creeks,  and  thus  far  its 
development  has  not  kept  pace  with  that  of  Fairbanks.  The  con- 
struction of  the  railroad  has,  however,  favorably  affected  the  growth 
of  the  town. 

The  transportaticm  of  supplies  from  the  towns  to  the  creeks  has 
been  a  soui'ce  of  much  trouble  and  expense,  but  cheaper  and  better 
transi)()rtation  has  been  gained  by  constructing  a  narrow-gage  rail- 
road between  Fairbanks  and  Chena,  by  extending  a  branch  road 
from  an  intermediate  point  up  the  valley  of  Goldstream  Creek  to  the 
juncticm  of  Pedro  and  (lilmore  creeks,  and  also  (1907)  up  Fox  Gulch 
and  along  the  divide  between  Vault  and  Dome  creeks  to  claim  15 
below  on  Cleary  Creek,  and  by  constructing  Government  wagon  roads 
from  the  main  supply  points  and  from  the  terminus  of  the  railroad 
to  the  various  creeks. 
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The  region,  though  dependent  on  the  outside  for  the  greatest  part 
of  its  supplies,  is  in  the  matter  of  himber  and  fuel  mostly  independ- 
ent. The  spruce  timber  along  the  sloughs  of  the  Tanana  and  the 
lower  parts  of  the  valleys  of  its  largest  tributaries  is  of  good  quality 
and  much  of  it  exceeds  2  feet  in  diameter  at  the  butt.  The  small 
spruce  and  birch,  so  abundant  on  the  hillsides,  furnish  a  supply  of 
fuel  which  has  not  up  to  the  present  time  been  heavily  taxed,  but 
which  is  becoming  year  by  year  a  more  important  item  in  the  cost  of 
production. 

BED  ROCK. 

The  bed  rock  is  predominantly  schist,  closely  folded  and  striking 
in  general  northeast  and  southwest.  The  main  structural  planes  vary 
from  nearly  horizontal  to  nearly  vertical.  The  alternating  beds  of 
blocky  quartzite  schist  and  schists  with  a  large  proportion  of  mica, 
give  rise  to  a  bed-rock  surface  of  varying  influence  on  the  distribu- 
tion of  the  gold.  The  gold  sinks  along  the. structural  planes  of  the 
blocky  bed  rock  to  a  depth  of  several  feet  in  some  places,  but  the 
compact  clayey  surface  of  the  softer  beds  is  practically  impermeable 
to  the  gold.  Quartz  veins,  some  of  them  being  2  feet  or  more  thick, 
are  common  in  the  schists,  but  are  not  so  abundant  that  quailz 
becomes  a  conspicuous  constituent  of  the  gravels. 

Granitic  intrusions  are  present  at  several  localities  in  the  main 
ridge.  They  form  the  bed  rock  at  the  upper  ends  of  some  of  the 
valleys  and  have  furnished  material  for  a  small  proportion  of  the 
gravels  in  many  of  the  valleys.  Greenstone  schist  forms  a  large  part 
of  the  ridge  west  of  Cleary  Creek,  and  this  rock  is  generally  conspicu- 
ous by  the  quantity  of  garnets  it  contains.  A  small  amount  of  black 
basaltic  rock  outcrops  at  the  point  of  the  ridge  that  forms  the  north- 
ern limit  of  the  valley  of  Fairbanks  Creek. 

ALLVviAL  UEPosrrs. 

The  loose  material  formed  by  the  weathering  of  the  bed  rock 
varies  in  character  according  to  the  amount  of  transportation  it  has 
undergone.  Outcrops  of  bed  rock  in  the  Fairbanks  region  are  con- 
fined mostly  to  the  summits  of  the  ridges  and  to  the  steeper  slopes  of 
the  valleys,  while  on  the  gentler  slopes  and  in  the  bottoms  of  the 
valleys  the  bed-rock  surface  is  covered  with  a  mantle  of  material 
ranging  in  thickness  from  a  few  feet  to  over  300  feet.  This  mantle 
is  composed  partly  of  heterogeneous  talus,  which  is  continually 
working  down  the  sides  of  the  valleys,  and  partly  of  the  material  in 
the  valley  floors,  which  has  been  worked  over  so  many  times  by  run- 
ning water  that  it  has  a  fairly  uniform  structure  throughout.  All  of 
these  deposits  are,  for  the  most  part,  frozen  throughout  the  year. 

As  the  streams  generally  flow  close  to  one  side  of  their  valleys  the 
deposits  are  mostly  on  but  one  side.    Their  upper  surface  slopes  gc^^- 
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ually  toward  the  base  of  the  hills.  The  bed-rock  surface,  so  far  as 
known  (1905),  is  in  general  nearly  flat,  or  has  a  very  gentle  grade 
hillward  from  the  creek.  The  deposits  are  in  most  places  separable 
into  three  divisions,  which,  from  surface  to  bed  rock,  are  referred  to 
by  the  miners  as  nuick,  barren  gravels,  and  pay  gravel. 

The  nmck  ranges  in  thickness  from  a  few  feet  to  a  mai^imum  of 
about  70  fei»t,  the  line  of  separation  l)etween  it  and  the  underlying 
gravels  being  fairly  sharp.  It  is  a  black  deposit  containing  a  large 
amount  of  material  derived  from  the  decomposition  of  moss  and 
other  vegetation,  a  considerable  percentage  of  clay  and  sand  being 
either  intermingled  with  the  organic  matter  or  distributed  as  layers 
and  thin  lenses  irregularly  through  the  mass.  Horizontal,  and  occa- 
sionally vertical,  sheets  of  ice  several  feet  thick  occur  in  this  deposit. 

The  underlying  gravels,  ranging  in  thickness  from  10  to  over  GO 
feet,  are  derived  from  the  rock  occurring  within  the  areas  drained 
by  each  particular  stream.  As  quartzite  schist  is  the  most  conunon 
bed  rock  and  also  the  most  resistant  to  the  2)rocesses  of  wearing  and 
weathering,  the  largest  proportion  of  the  coarse  material  in  the 
gravels  is  composed  of  it.  The  gravels  also  include  quartz-mica  and 
carbonaceous  schist,  vein  quartz,  and  some  igneous  material,  mostly 
granite.  Teeth  of  the  manunoth  and  bones  of  other  animals  now 
extinct  are  occasionally  found.  The  coarse  material  being  mostly 
schistose  occurs  as  more  or  less  flattened  angular  pieces,  only  slightly 
waterworn.  Few  of  them  exceed  a  foot  in  diameter  and  the  pro- 
portion of  bowlders  is  therefoie  small.  The  fine  material  is  com- 
posed partly  of  smaller  pieces  of  the  more  resistant  rocks  and 
23artly  of  clay  derived  from  the  decomposition  of  the  micaceous  and 
carbonaceous  schists.  These  gravels  contain  also  a  small  percentage 
of  individual  minerals  released  by  the  process  of  weathering.  The 
i:)rop()rtion  of  clay  in  the  barren  gravels  is  small,  but  that  in  the 
underlying  pay  gravels  is  large.  All  the  material,  both  coarse  and 
fine,  is  irregularly  intermingled,  the  larger  pieces  being  usually 
nearly  horizontal. 

The  pay  gravels  resemble  those  above  them,  but  contain  a  consid- 
erable amount  of  clay,  which  adheres  tightly  to  the  gravel  and  to 
the  surface  of  the  blocky  fragments  of  bed  rock.  This  clay  is  pre- 
vailingly of  a  yellowish  color  in  the  more  shallow  diggings  and  of  a 
bluish  color  in  the  deeper  gravels.  The  proportion  of  clay  varies, 
but  in  most  places  there  is  enough  i^resent  to  render  the  pay  gravels 
easily  distinguishable  in  the  drifts  from  the  barren  ground  above 
them.  The  thickness  of  the  pay  gravels  ranges  from  a  few  inches 
to  12  or  more  feet,  a  range  which  is  rather  uniformly  maintained. 
The  under  surface  of  the  gravels  not  only  rests  upon  the  bed  rock, 
but  where  the  latter  is  blocky  the  fine  material  is  found  within  it  to 
a  depth  of  from  1  to  3  or  more  feet.     The  pay  gravels  vary  in  width 
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in  different  creeks  and  in  different  parts  of  the  same  creek,  but  make 
up  only  a  small  part  of  the  width  of  most  of  the  valleys.  Pay  streaks 
ranging  in  width  from  30  feet  or  less  to  450  feet,  and  in  one  place 
reaching  a  width  of  800  feet,  have  been  reported.  The  average 
width  of  gravels  carrying  values  sufficient  to  p^y  for  working  under 
conditions  in  1905  is  probably  about  150  to  200  feet,  and  this,  like 
the  thickness,  is  fairly  constant.  The  pay  streaks  in  the  valley  floors 
bear  no  uniform  relation  to  the  present  stream  beds. 

The  gold  is  either  evenly  distributed  throughout  the  pay  gi'avels 
or  lies  mostly  near  the  bed  rock,  or,  occasionally,  is  found  chiefly 
within  the  bed  rock.  The  great  bulk  of  the  gold  is  composed  of 
flattish  piebes  of  various  sizes  up  to  one- fourth  inch  in  diameter  and 
of  granular  pieces,  some  of  which  are  minute.  The  proportion  of 
very  fine  gold,  however,  is  apparently  small,  and  there  is  but  little 
flaky  gold.  Xuggets  form  an  inconsiderable  part  of  the  clean  ups; 
those  worth  a  few  dollars  are  common,  however,  and  a  few  of  con- 
siderable value  have  been  found.  Some  of  the  largest  were  worth 
approximately  $145,  $160,  $190,  $233,  and  $529.  Many  of  the  nuggets 
contain  quartz.  Most  of  the  gold  found  near  the  heads  of  the  creeks 
is  angular.  Downstream  there  is  in  general  a  gradual  decrease  in 
the  average  size  of  the  pieces  and  an  increase  in  the  amount  of  wear 
they  have  sustained.  Nuggets,  too,  are  less  common  in  the  lower 
parts  of  the  valleys.  In  some  places  coarse  and  fine  gold  occur 
together;  in  others  the  coarse  gold  is  found  mostly  on  one  side  of 
the  pay  streak.  At  a  few  localities  there  appears  to  be  an  abrupt 
change  from  gravels  carrying  a  large  percentage  of  coarse  gold  to 
others — ^immediately  below  on  the  same  stream — whose  gold  content 
is  chiefly  fine.  The  values  in  the  pay  gravels  exploited  in  1905  range 
from  about  2  cents  to  20  cents  or  more  to  the  pan,  and  a  large  part 
of  the  ground  will  average  about  8  cents  to  the  pan,  or  about  $10  to 
the  cubic  yard  or  $2  to  the  square  foot  of  bed  rock.  Some  of  this 
ground  averages  $3  to  $3.50  to  the  square  foot  and  some  carries  even 
better  values.  Assay  values  were  reported  ranging  from  $16.10  to 
$18.25  of  gold  per  ounce,  and  the  gold  from  one  locality  was  said  to 
assay  as  high  as  $19.25. 

The  minerals  most  commonly  associated  with  the  gold,  aside  from 
the  quartz  with  which  it  is  often  intergrown,  are  garnet,  rutile,  and 
black  sand.  The  black  sand  occurs  in  but  small  proportion  and  is 
composed  mostly  of  magnetite.  Cassiterite  is  rather  common,  and 
there  is  some  stibnite.  Bismuth  is  occasionally  intergrown  with  the 
gold. 

The  frozen  gravels  are  tough,  in  distinction  from  the  muck.  They 
can  not  be  broken  with  the  pick  and  are  with  difficulty  rent  by  explo- 
sives. A  sudden  caving  in  of  the  ground  undermined  in  drifting 
24304— Bull.  337—08 3 
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is  rare,  the  sinking  usually  being  so  gradual  as  to  permit  the  removal 
of  mining  apparatus.  In  such  cases  a  parting  often  takes  place  be- 
tween the  gravels  and  the  overlying  muck  leaving  the  latter  as  a  roof. 
The  solidly  frozen  gravels  are  practically  impermeable  to  the  surface 
waters  and  to  any  underground  water  that  may  be  present  and  the 
underground  mining  operations  are  comparatively  dr}\  Unfrozen 
areas  are  encountered  at  many  places,  and  where  they  occur  in  the 
deeper  ground  the  presence  of  ''  live  water  ■'  adds  to  the  expense  of 
mining.  In  other  places,  notably  near  the  heads  of  some  creeks 
where  the  gravels  are  shallow,  imblanketed  by  muck,  and  well 
drained,  the  greater  part  of  the  ground  thaws  during  the  summer. 

Bench  gravels  are  not  common  in  the  Fairbanks  region.'  A  deposit 
of  gravels  composed  essentially  of  quartz-mica  schist,  carbonaceous 
schist,  and  vein  quartz  has,  however,  been  found  on  the  northern  val- 
ley slope  of  Fairbanks  Creek,  GOO  feet  above  the  valley  floor.  The 
gravel  is  rather  well  rounded  and  contains  bowlders  up  to  1  foot  in 
diameter.  These  gravels  have  been  somewhat  prospected,  but  so  far 
as  known,  without  favorable  results. 

FORMATION    OF    PLACERS. 

It  appears  from  a  cursory  examination  that  the  pay  gravels  were 
deposited  under  conditions  someAvhat  different  from  those  which  now 
prevail.  Though  the  details  can  not  be  discussed  here,  some  of  the 
facts  bearing  on  this  matter  deserve  mention.  The  general  uni- 
formity in  the  altitude  of  the  ridges  has  been  noted.  This  uniformity 
is  the  result  of  the  erosion  of  a  surface  which  formerly  stood  at  a 
lower  level  than  at  present.  Its  topography  was  then  undulating, 
dotted  with  rounded  hills,  and  broken  by  isolated  groups  of  hills  and 
ridges  of  greater  prominence.  The  valleys,  furthermore,  were  open 
and  of  low  grade.  It  is  probable  that  the  stream  deposits  were  deep 
and  that  the  interstream  areas  l)ore  much  weathered  bed  rock,  await- 
ing transportation.  Elevation  of  the  region  enabled  the  streams  to 
cut  the  present  valleys  and  thus  form  the  avenues,  or  sluice  boxes  as 
they  might  be  called,  through  which  passed  the  products  of  long- 
continued  weathering  as  well  as  the  deposits  of  the  former  streams. 
The  bench  deposits  above  described  form  a  remnant  of  these  old 
deposits. 

In  the  constant,  slow,  and  often  interrupted  progress  of  the  un- 
sorted  coarse  and  fine  material  down  the  valleys  the  particles  of  gold, 
because  of  their  high  specific  weight,  tend  to  lag  behind  the  particles 
of  other  materials  and  to  find  a  lower  position  in  the  mass  or  a  lodg- 
ment in  the  crevices  of  the  bed  rock.  They  offer  a  passive  resistance  to 
onward  motion  and  an  active  assistance  to  vertical  downward  motion. 
The  accumulating  deposit  of  gold  is  mixed  with  unsorted  material 
which,  for  the  most  part,  was  j^robably  not  originally  associated  with 
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the  gold  but  was  derived  from  some  source  farther  up  the  valley.  This 
deposit  closely  follows  the  cutting  action  of  the  stream  and  is  the  first 
to  cover  the  bare  surface  of  the  bed  rock  when  opportunity  is  offered. 

Active  erosion  and  an  abundance  of  previously  accumulated  aurif- 
erous material  appear  to  be  favorable  to  the  formation  of  placers. 
The  so-called  "  wandering  "  placers  which  have  been  noted  in  Aus- 
tralia,«  where  the  pay  dirt  is  shifted  at  times  of  melting  snows  to 
claims  lower  down  the  valley,  appear  to  represent  an  early  stage  in 
the  development  of  placers.  With  the  lessening  of  the  stream's  activ- 
ity, accompanied  often  by  the  exhaustion  of  the  great  part  of  the 
auriferous  material,  the  mobility  of  the  deposits  is  diminished.  An 
increasing  amount  of  barren  material  is  then  deposited  over  the  pay 
gravels,  the  stream  may  abandon  the  part  of  the  valley  in  which  it  has 
hitherto  worked  and  the  pay  streak  may  become  practically  a  station- 
ary deposit.  In  the  interior  of  Alaska  the  pay  streak  has  become  not 
onW  permanently  stationary,  but  also,  through  the  cementing  agency 
of  ic»e,  for  the  most  part  permanently  consolidated. 

Few  facts  are  known  regarding  the  amount,  distribution,  or  cir- 
culation of  the  underground  waters  and  the  consequent  extent  of 
the  permanently  or  only  temporarily  unconsolidated  gravels.  In  the 
Yukon-Tanana  country  there  are  valleys  whose  deposits  are  so 
"  spotted,"  as  it  were,  with  live  water  that  it  is  practically  impossi- 
ble to  work  them  by  drifting.  The  presence  of  large  amounts  of  live 
water  in  many  valleys  during  the  winter  is  shown  by  the  repeated 
overflows  to  which  streams  are  subject  and  by  the  unexpected  filling 
of  prospect  holes  with  water  from  below.  It  is  possible,  therefore, 
that  the  extent  of  the  unfrozen  ground  is  greater  than  is  generally 
supposed.  The  extent  of  consolidation,  while  dependent  primarily 
on  the  climate,  is  probably  greatly  modified  by  local  conditions.  The 
slope  of  the  valley,  the  character  and  thickness  of  the  deposits,  and 
the  quantity  of  water  are  factors  which  together  may  become  of 
dominating  importance,  counteracting  successfully  the  tendency  of 
the  climatic  conditions  to  cause  consolidation  of  deposits  to  great 
depths.  As  a  result,  a  part  of  the  deposits  of  a  valley,  whether  talus 
or  stream  gravels,  where  not  too  deep,  may  be  further  differentiated. 
This  differentiation,  under  the  mobility  imparted  by  the  contained 
water  and  by  the  stream  action  to  which  they  may  be  subjected,  may 
bring  about  the  gradual  accumulation  of  the  gold  on  or  near  the  bed 
rock.  In  the  Fairbanks  region  this  process  would  be  most  active  in 
the  shallow  deposits  which  are  generally  confined  to  the  headwaters 
of  the  valleys.  Although  the  quantity  of  weathered  material  now 
at  hand  is  not  so  large  as  formerly,  when  the  product  of  long-con- 
tinued weathering  had  accumulated,  and  although  the  proportion 

"  Scbmeisser,  Karl,  Die  Goldfelder  Australlens,  p.  100. 
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of  gold  may  now  be  different  from  what  it  was  formerly,  neverthe- 
less it  is  reasonable  to  suppose — and  the  occurrence  of  gold  near  the 
headwaters  renders  such  a  supposition  entirely  justifiable — ^that  the 
deposition  of  auriferous  material  is  there  in  progress.  At  present 
the  streams  come  in  closest  relation  in  the  vertical  section  to  the  bed 
rock  near  the  heads  of  the  valleys,  and  there^  if  anywhere  within 
the  valleys,  downward  cutting  of  the  bed  rock  is  in  progress.  The 
lower  parts  of  the  valleys  have  been  areas  of  abundant  deposition. 
Near  the  heads  deposition  closely  follows  cutting  and  there  the 
deeply  buried,  more  or  less  permanently  frozen  pay  streaks  of  the 
lower  valleys  merge  into  the  deposits  within  the  zone  of  the  present 
streams'  activity. 

Tlie  gravels  in  the  valleys  of  the  Fairbanks  region  are  composed 
of  materials  derived  from  the  bed  rock  in  which  the  valleys  have 
been  cut  and  were  de2)osited  through  stream  action,  uninfluenced  by 
any  general  glaciation,  yet  under  conditions  somewhat  diflFerent  frcMn 
those  of  the  present.  The  position  of  the  pay  streak  in  the  valley 
marks  the  position  of  an  earlier  drainage  way  as  well  as  that  part 
of  the  cross  section  of  the  valley  which  was  at  the  time  of  its  deposi- 
tion probably  the  deepest. 

The  successive  stages  of  development  may  have  been  somewhat  as 
follows:  (1)  Elevation  of  the  region,  the  surface  being  laden  w^ith 
much  unassorted  weathered  material  and  older  stream  deposits;  (2)  a 
period  of  active  erosion  by  the  streams  during  which  there  was  little 
opportunity  for  the  formation  of  permanent  dej^osits;  (3)  a  period 
of  deposition  when  the  streams  were  ^:iearly  down  to  grade  and  when 
the  pay  streaks  were,  for  tli(^  most  part,  laid  dow^n  with  their  clay 
content,  which  may  have  been  derived  in  j)art  from  the  abundant 
clay  of  the  weathered  material  and  in  part  directly  from  the  bed 
rock;  and  (4)  a  period  of  stream  shifting,  valley  widening,  and  fur- 
ther deposition,  with  the  gradual  development  of  the  unsymmetrical 
type  of  valley  of  the  present  day.  This  unsymmetrical  shape — one 
side  steep  and  the  other  a  more  or  less  gradual  slope — is  a  character- 
istic feature  of  many  valleys  in  Alaska  and  results  probably  from 
several  causes,  among  which  an*  local  elevation  or  depression,  litho- 
logic;  character  and  structure,  and  insolation.  It  suffices  here  to 
emphasize  only  one  of  these,  often  observed  by  miners — that  the  sunny 
side  of  valleys  is  subject  to  more  rapid  wear  than  the  shady  side, 
which  remains  locked  in  frost  for  a  much  greater  part  of  the  open 
season.  Slides  are  of  frecjuent  occurrence  on  the  sunny  sides  of  the 
valleys,  even  on  very  gentle  slopes,  and  in  the  course  of  time  these 
produce  an  accunuilation  of  waste  which  forces  the  stream  toward 
the  opposite  sloi)e  of  the  valley. 

The  greater  mobility  of  the  material  was  due  probably  in  part 
to  the  greater  activity  of  the  streams,  which  were  at  that  time  just 
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becoming  graded;  in  part  to  more  abundant  precipitation,  as  is  sug- 
gested by  the  much  greater  extension  of  the  ghiciers  of  the  Alaska 
Range,  and  in  jDart,  perhaps,  to  a' higher  average  temperature,  though 
it  would  seem  that  with  the  other  factors  present  no  essential  diflFer- 
ence  in  the  temperature  would  Ix^  required.  Whatever  the  conditions 
of  formation — and  these  are  only  imperfectly  known — the  dominant 
facts  of  economic  importance  are  that  in  general  but  one  pay  streak 
has  been  laid  down ;  that  this  is  next  to  bed  rock  beneath  a  considera- 
ble thickness  of  other  deposits,  and  that  its  fonnation  is,  for  the  most 
part,  a  closed  incident. 

SOURCE  OF  THE  (K3T.D. 

The  origin  of  the  gold  in  the  placers,  although  not  definitely  deter- 
mined, is  suggested  by  the  character  of  the  gold  itself  and  by  its  asso- 
ciation. Most  of  that  found  near  the  heads  of  the  creeks  is  rough  and 
practically  unworn;  much  of  it  is  flat,  as  if  derived  from  small 
seams;  most  of  the  coarse  pieces  are  intimately  intergrown  with 
quartz  and  many  of  them  are  flat,  like  the  small  fragments  of  thin 
quartz  seams  which  are  common  in  the  schists.  That  mineralization 
has  not  been  confined  to  gold  is  shown  by  the  occurrence  of  native 
bismuth  intergrown  with  gold,  of  veins  of  stibnite,  and  of  the  cas- 
siterite  often  found  in  the  gravels.  The  most  acidic  igneous  rocks 
observed  in  the  Fairbanks  region  are  intrusive  porphyritic  biotite 
granite.  The  acidic  dikes  so  common  in  the  Fortymile  region  are  ab- 
sent and  the  gold  of  the  placers  has  probably  been  derived  from  small 
quartz  seams  in  the  schists. 

It  is  often  a  subject  of  surprise  to  the  miners  that  when  gold  is 
abundant  in  the  placers  it  should  be  found  so  rarely  in  the  l)ed  rock. 
It  might  be  said  that  if  gold  were  commonly  encountered  in  the  bed 
rock  the  proportion  of  it  in  the  placers,  considering  the  amount  of 
bed  rock  that  has  been  removed,  ought  to  be  much  greater.  There 
is  the  possibility  also  that  the  veins  in  the  country  rock  which  con- 
tributed the  material  for  the  first  deposits  of  the  valleys  were  richer 
in  gold  than  those  now  exposed.  Be  that  as  it  may,  it  is  certain  that 
through  long-continued  weathering  and  sorting  of  the  rock  material 
a  concentration  of  the  heavier  indestructible  contents,  including  the 
gold,  takes  place,  yielding  auriferous  detrital  deposits  which  are  made 
richer  in  gold  than  the  parent  rock.  Furthermore,  much  of  the  gold 
may  have  been  contributed  by  the  bed  rock  that  has  been  removed  in 
the  formation  of  the  present  valleys. 

PLACERS. 

The  productive  areas  of  the  Fairbanks  region  at  present  (1907) 
include  the  valleys  of  streams  draining  the  ridge  that  extends  north- 
east and  southwest  between  Chatanika  and  Little  Chena  rivers.  The 
distance  between  these  two  streams  is  about  25  miles  ivud  tVv^  gs>\v^-. 
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bearing  creeks  are  located  at  intervals  along  a  distance  of  about  30 
miles. 

FAIRBANKS   CREEK. 

Fairbanks  Creek  is  about  10  miles  long  and  flows  in  an  easterly 
direction  to  Fish  Creek,  a  tributary  of  Little  Chena  River.  The  floor 
of  the  valley  is  200  to  450  feet  broad  but  widens  rapidly  about  3  miles 
from  the  mouth.  The  productive  area  of  Fairbanks  Creek  comprises 
about  4  miles  of  the  valley,  starting  from  a  point  about  2  miles  below 
the  source.  The  gravels  in  general  range  from  12  to  over  30  feet  in 
thickness  but  in  the  lower  part  of  the  valley  are  much  thicker.  The 
pay  streak  ranges  from  4  to  8  feet  in  thickness,  averaging  about  5J 
feet,  while  in  some  places  2  to  3  feet  additional  of  bed  rock  are  mined. 
The  pay  streak  ranges  from  40  to  200  feet  in  width  and  in  the  upper 
part  of  the  valley  lies  close  to  the  present  stream  bed  but  lower  down 
the  valley  it  diverges  toward  the  north  valley  slope.  Ground  has  been 
Avorked  containing  values  in  the  pay  streak  ranging  from  5  to  10  cents 
to  the  pan.  As  this  streak  has  not  been  traced  through  the  lower  part 
of  the  valley  it  is  uncertain  whether  it  continues  as  a  well-defined  pay 
streak  or  becomes  disseminated  or  distributed  over  a  considerable 
area.  Fairbanks  Creek  has  been  a  good  producer  but  is  somewhat 
spotted,  and  ground  should  be  carefully  prospected  to  determine 
values  before  the  introduction  of  expensive  machinery.  The  follow- 
ing table  of  depths  to  bed  rock,  etc.,  is  based  on  data  obtained  by  Mr. 
Covert  in  1907. 

Depth  to  hod  rock,  thickness  of  muck,  and  width  of  valley  floor  along  Fairbanks 

Creek, 


Claim  No. 

Depth  to 
bed  rock. 

Thickness 
of  muck. 

Width  of 
valley 
floor. 

8  above _ _ _ .' 

7  above _ _ 

6  above 

f)  above 

Feet. 
14 
13 
16 
80 
30 
26 
25 
16 
17 
19 
18 
23 
23 
16 
26 
32 

Feet. 
4 
6 
8 
20 
20 
6 
5 
7 
5 
5 
6 
6 
6 
4 
8 
11 

Feet. 
250 
250 
300 
300 

4  above 

3  above                                 _                    ____                 ___ 

300 
400 

2  above.- 

1  above 

400 
400 

Discovery 

1  below__-    -    .    „  _    -    -_____.- 

400 
450 

'2  below 

3  below - _ 

450 
450 

4  below.  -_  -- __  _    _ 

450 

r>  below 

400 

6  below _ ._ 

7  below  --  - -_ _-    -        _    _  __  _    _    _       

450 
450 

10  below 

COLDSTREAM    IIASTN.'* 

Goldstream  Creek  is  50  or  GO  miles  in  length  and  the  upper  7  miles 
of  it  have  been  found  to  be  auriferous.     The  floor  of  the  auriferous 

«  The  information  regarding  the  OoldRtreara  basin  was  obtained  during  the  field  season 
of  1907  by  Alfred  II.  IJrooks  and  C.  C.  Covert. 
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part  of  the  valley  is  from  one-half  to  three-fourths  of  a  mile  in  width 
and  from  this  floor  the  walls  rise  with  gentle  slopes.  Gold  has  been 
found  on  Pedno  and  Gilmore,  Engineer,  Big  Eldorado,  and  O'Connor 
creeks  and  on  Fox  Gulch,  all  tributary  to  Goldstream  Creek.  The 
bed  rock  throughout  most  of  the  basin  is  probably  mica  schist,  but 
granite  has  been  found  on  several  of  the  tributaries,  notably  on  Pedro 
and  Gilmore  creeks.  Pedro  Creek  was  the  scene  of  the  first  discovery 
of  gold  (1902)  and  this  creek  and  the  main  stream  have  been  large 
producers  in  the  last  two  years.  The  alluvium  of  the  basin  ranges 
in  depth  from  a  few  feet  in  the  headwater  region  to  more  than  200 
feet  near  the  lower  limit  of  discovery  on  Goldstream  Creek.  The 
gravels  consist  predominantly  of  mica  schist,  with  considerable  quartz 
and  some  granite. 

Most  of  the  work  on  Goldstream  Creek  during  1907  was  confined 
to  the  portion  of  the  valley  from  Discovery  claim,  near  the  confluence 
of  Pedro  and  Gilmore  creeks,  to  about  17  below  Discovery.  The  pay 
streak  from  Discovery  to  about  7  below  lies  on  the  north  side  of  the 
creek;  below  this  point  it  is  on  the  south  side.  The  limit  of  profitable 
mining,  as  determined  by  present  methods  and  costs,  is  probably  $1.50 
to  $2  a  cubic  yard.  If  a  cheaper  method  of  handling  the  gravels 
could  be  devised  it  would  make  available  for  mining  an  enormous 
body  of  gravel.  The  following  table  shows  the  thickness  of  the  de- 
posits in  the  upper  part  of  the  valley  so  far  as  known. 

Depth   of  bed  roek,  ihieknes.s  of  niuek,  and  width  of  valley  floor  alontj  Goht- 

stream  Creek. 


Claim  No. 

Depth  to 
bed  roek. 

Thickness 
of  muck. 

Width  of 
valley 
floor. 

Discovery  to  8  below 

Feet. 

15-20 
22 
25 
20 

45-60 
70 
110 
80 
65 
60 

Feet. 

Feet. 
1,000 

8  below - 

9 
12 

9  below    _ _    __          _         _                 _____ 

10  below , 

1,500 

12 'below 

30 

2,500 

14  below—    

3,000 

15  below 

3,000 

16  below 

3.000 

17  below 

3,000 

27  below 

3,500 

29  below 

90] 
130^ 
1.50| 

32  below 

160 
158 

2,500 

37  below    -- 

The  Pedro  Valley  is  similar  in  general  character  to  the  Fairbanks 
Valley,  already  described.  The  productive  area  includes  about  2 
miles  of  the  stream  between  the  mouth  of  Twin  Creek  and  the  point 
where  it  is  joined  by  Gilmore  Creek.  The  deposits  have  a  thickness 
ranging  from  about  8  to  30  feet.  Values  have  been  found  in  some 
places  through  8  feet  of  gravel  and  4  feet  of  bed  rock ;  in  other  places 
they  are  confined  mostly  to  the  bed  rock. 

Gilmore  Creek,  which  joins  Pedro  to  form  Goldstream,  flows  in  a 
general  northwesterly  course  and  has  a  length  of  about  5  miles.    The 
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valley  floor  at  its  mouth  is  about  1,000  feet  wide,  narrowing  rapidly 
upstream.  The  bed  rock  of  the  main  creek  is  chiefly  quartz-mica 
schist,  much  of  it  carbonaceous,  but  a  granite  mass  is.  found  to  the 
south  and  also  in  the  valley  of  Hill  Creek,  a  small  tributary.  The 
alluvium,  which  is  50  to  60  feet  deep  near  the  mouth  of  Gilmore 
Creek,  shoals  rapidly  upstream  and  2  miles  above  is  only  about  10 
feet  deej).  Most  of  this  is  muck,  which  ranges  from  45  feet  near  the 
mouth  of  the  stream  to  less  than  5  feet  2  miles  above.  The  gravels 
are  chiefly  schist  of  several  varieties,  Avith  considerable  quartz,  which 
occurs  to  some  extent  in  large  bowlders,  and  much  granite.  An  im- 
portant commercial  feature  of  the  creek  is  the  presence  of  an  ill- 
defined  bench  on  the  north  slope  of  the  valley.  This  is  in  some  places 
separated  from  the  main  valley  floor  by  a  rock  rim  with  an  escarp- 
ment of  a  few  feet,  but  usually  slopes  directly  to  it.  The  bench 
gravels  are  auriferous  and  have  been  mined  at  three  localities.  Much 
of  the  material  is  angular  a,nd  ill  stratified  and  in  many  places  it 
resembles  a  talus  slope  rather  than  a  water-laid  deposit.  These  bench 
placers  are  favorably  located  for  economic  mining  and  have  yielded 
some  gold  but  in  dry  times  there  is  not  sufficient  water  for  hydrau- 
licking.  The  pay  streak  in  the  Gilmore  Creek  gravels  is  said  to  be 
30  to  40  feet  wide  but  in  places  attains  a  width  of  100  feet.  On  the 
hill-slope  terraces  it  appears  to  embrace  the  entire  bench,  from  100 
to  300  feet  wide.  The  placer  gravel  of  this  creek  is  usually  found 
down  to  or  in  the  bed  rock.  In  places  3  to  4  feet  of  the  bed  rock  is 
mined,  with  but  a  foot  or  two  of  the  overlying  gravels.  The  gold 
ranges  from  medium  coarse  to  fine  and  that  of  the  benches  appears 
to  be  more  angular  than  that  of  the  creek.  Nuggets  up  to  a  value  of 
$20  are  reported.  The  gold  is  said  to  assay  $19.25  to  the  ounce.  Some 
bismuth  has  been  found  with  it. 

Tom  Creek,  a  tributary  to  Gilmore  Creek  3  miles  from  the  mouth, 
lies  in  the  extension  of  the  main  valley.  No  values  have  thus  far 
been  reported  on  it.  Hill  Creek,  a  southerly  tributary  of  Gilmore 
Creek,  has  its  source  well  back  in  a  high  granite  dome  and  the  bed 
rock  for  much  of  its  length  appears  to  be  gi'anite.  Near  its  head  is  a 
small  basin  200  or  300  yards  long.  Below  this  basin  the  valley  floor 
falls  away  with  steep  descent  for  about  a  quarter  of  a  mile.  The  bed 
rock  is  a  coarse  porphyritic  biotite  granite,  Avhich  in  the  basin  is 
deeply  weathered  and  stained  with  iron.  Here  some  open-cut  mining 
has  been  done.  No  one  was  at  this  place  when  visited  by  the  geolo- 
gists but  the  pay  streak  appears  to  be  very  narrow.  The  alluvium 
consists  of  granitic  sand  about  8  feet  deep.  This  occurrence  is  of 
interest  because  it  shows  that  the  gold  has  been  derived  from  the 
gianite.  This  deposit  is  near  the  contact  with  the  schists  and  indi- 
cates that  the  granite  intrusives  may  bear  a  genetic  relation  to  the 
occurrence  of  the  gold  in  bed  rock. 
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Fox  Gulch  is  a  small  northerly  tributary  of  Goldstream  Creek. 
Little  mining  has  been  done  on  the  lower  part  of  the  creek  where 
the  alluvium  is  probably  30  to  40  feet  deep.  Several  claims  have  been 
worked  about  3  or  4  miles  from  the  mouth,  at  a  point  where  the 
gravels  are  8  to  10  feet  deep,  overlain  by  muck  about  10  feet  thick. 
The  pay  streak  here  is  rather  narrow  and  the  reported  values  are  not 
high. 

Some  gold  has  been  found  on  Big  Eldorado  and  O'Connor  creeks 
but  as  neither  has  been  visited  by  a  geologist  details  regarding  them 
are  lacking.  Both  these  creeks  are  tributary  to  Goldstream  from  the 
north,  and  each  is  about  5  miles  in  length.  The  pay  streak  on  Big 
Eldorado  Creek  is  said  to  be  narrow,  but  some  mining  has  been  done. 
Work  on  O'Connor  Creek  is  said  not  to  have  gone  beyond  the  pros- 
pecting stage  (1907).  Ground  is  reported  to  be  from  100  to  130  feet 
deep. 

Engineer  Creek,  about  5  miles  in  length,  a  southerly  tributary  of 
Goldstream,  has  also  become  a  producing  creek  during  the  last  two 
years.  The  placers  of  this  stream  have  not  been  studied  by  any 
geologist. 

The  gravels  on  some  other  small  tributaries  of  Goldstream  Creek 
have  been  found  to  be  auriferous,  but  no  values  have  been  discovered. 
This  does  not  signify,  however,  that  they  are  not  worthy  of  careful 
prospecting. 

CLEARY  CREEK. 

Cleary  Creek  has  been  the  best  producer  of  the  region.  Workable 
deposits  have  been  found  along  about  7  miles  of  the  stream  and  far 
out  into  the  Chatanika  flats.  The  limit  of  their  extension  into  the 
flats  has  not  been  determined.  Chatham  Creek,  only  about  a  mile 
long,  has  been  a  good  producer.  Considerable  work  was  done  on 
Wolf  Creek  in  1903,  but  since  that  time  little  gold  has  been  found 
there. 

The  deposits  of  the  main  valley  range  in  thickness  from  a  few  feet 
to  more  than  120  feet,  averaging  about  60  feet.  The  pay  streak  has 
a  maximum  thickness  of  about  14  feet  and  an  average  for  the  creek 
of  about  5  feet.  The  width  of  the  pay  streak,  under  present  mining 
costs,  ranges  from  30  feet  or  less  to  several  himdred  feet.  The  aver- 
age value  in  the  pay  streak  for  much  of  the  valley  appears  to  be  about 
$10  to  the  cubic  yard.  The  pay  streak  is  rather  uniformly  developed, 
but  the  valley  is  so  wide  that  its  location  requires  much  prospecting. 
The  position  of  the  pay  streak  in  the  valley  is  at  variance  with  the 
course  of  the  present  stream.  The  creek  makes  one  large  bend  in 
its  course,  above  which  the  pay  streak  is  altogether  on  the  west  side, 
several  hundred  feet  from  the  creek,  except  at  the  head.  It  crosses 
the  valley  at  the  bend,  and  throughout  the  lower  part  is  found  on  the 
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right  side,  1,000  feet. from  the  stream.  As  the  valley  of  Cleary  Creek 
opens  into  the  Chatanika  flats  the  pay  streak  swerves  back  to  the 
left  side  and  has  been  found  there  within  a  short  distance  of  the  creek. 
The  pay  streak  occupies,  in  general,  the  center  of  the  valley,  being 
about  equidistant,  both  above  and  below  the  bend,  from  the  ridges 
on  the  sides.  Gold  was  discovered  at  the  point  where  the  pay  streak 
crosses  the  valley,  where  good  surface  prospects  were  found.  The 
following  table  of  depths  to  bed  rock,  etc.,  is  based  on  data  obtained 
by  Mr.  Covert  in  1907: 

Depth  to  bed  rock,  tliickncss  of  muck,  and  width  of  valley  floor  along  Clear j/ 

Creek. 


Claim  No. 

Depth  to  bed  rock. 

Thick- 
ness of 
muck. 

Width 
of  val- 
ley floor. 

8  to  1  above.  _ 

Feet. 

40-50 

H-20 

'      Feet. 

\ 

Feet. 
300-500 

Discovery.        ^    .           _       ^ 

800 

2  below -_  

40 

(K) 

25-27 

80 

110-120 

(100  (left  limit) 

\m  (creek  claim) 

[iK)  (first  tier,  right  limit) 

—  1                ' 

500-600 

6  below 

7  below _-____-. 

800 
800 

10  below.  -._ -    -     ... 

800 

i;i  below                          .                  .    . 

1.000 

15  below --     - 

[        1,000 

1 

The  important  characteristics  of  the  Cleary  deposits  are  their 
thickness,  the  only  shallow  diggings  being  on  Chatham  and  Wolf 
creeks  and  at  the  very  head  of  Cleary  Creek,  the  relation  of  the  pay 
streak  to  the  present  course  of  the  creek,  and  the  extension  of  the 
pay  throughout  the  lower  i)art  of  the  valley. 

KLDOKADO    TRKKK.** 

Eldorado  Creek  is  a  southerly  tributary  of  the  Chatanika,  its  valley 
lying  between  that  of  Cleary  Creek  on  the  northeast  and  Dome  Creek 
on  the  southwest.  Its  length  is  about  4A  miles,  and  the  valley  floor 
is  from  100  yards  to  half  a  mile  in  width.  The  bed  rock  of  the  basin 
is,  so  far  as  determined,  a  quartz-mica  schist,  and  the  presence  of 
diorite  bowlders  in  the  gravels  indicates  the  presence  of  intrusives 
in  the  basin.  The  creek  falls  about  150  feet  to  the  mile,  but  the  sloj^e 
of  the  l)e(l-r()ck  floor  has  not  been  determined.  It  appears,  however, 
to  l)e  somewhat  irregular. 

Depths  to  bed  rock  range  from  00  to  120  feet  in  the  lower  half  of 
the  creek,  which  is  the  only  part  visited  by  the  writer.  The  muck 
is  20  to  40  feet  thick.  The  gravels  are  well  rounded  and  are  made 
up  largely  of  mica  schist,  with  some  dioritic  rock  and  some  large 
bowlders  of  white  (juartz.  The  alluvium  appears  to  be  generally 
froz(Mi. 


"These  notes  are  based  on  a  hurried  examination  made  by  Alfred  H.  Brooks  in  1906. 


ECONOMIC   GEOLOGY.  48 

Though  staked  some  years  before,  the  first  systematic  prospecting 
was  done  in  1906  and  met  with  only  moderate  success.  The  gravels 
were  found  to  be  auriferous,  but  no  pay  streak  had  been  discovered 
at  the  time  of  the  writer's  visit.  It  is  reported  that  in  1907  values 
were  found  on  one  claim  and  some  gold  taken  out. 

The  valley  of  Eldorado  Creek,  lying  as  it  does  between  two  of  the 
important  gold  producers,  certainly  deserves  careful  prospecting. 
There  appears  to  be  good  reason  to  believe  that  it  will  yet  become  a 
producer. 

DOME   CREEK.<» 

Dome  Creek,  also  a  tributary  of  the  Chatanika,  heads  in  the  west 
side  of  Pedro  Dome.  The  bed  rock  and  gravels  are  similar  to  those 
of  Cleary  Creek.  The  depth  to  bed  rock  where  the  ground  is  being 
worked  ranges  from  30  to  200  feet.  The  slope  of  the  bed  rock  in 
the  lower  part  of  the  valley  is  about  15  feet  to  the  mile.  The  surface 
of  the  bed  rock  is  uneven,  variations  of  15  to  20  feet  being  common. 
The  pay  streak  has  been  found  to  be  from  130  to  1G5  feet  wide.  The 
material  includes  2  to  3  feet  of  bed  rock  and  2  to  3  feet  of  gravel. 
Good  reports  were  coming  from  nearly  the  entire  length  of  the  creek 
in  September,  1907. 

VAULT   CBEEK.^ 

Vault  Creek,  about  G  miles  in  length,  flows  northward  into  the 
Chatanika,  and  is  adjacent  on  the  west  to  Dome  Creek.  Bed  rock  is 
probably  schist  throughout  the  basin,  but  there  are  no  exposures  ex- 
cept on  the  round  ridges. 

The  east  wall  of  the  valley  rises  by  a  gentle  slope ;  the  west  wall  is 
more  abrupt.  This  gentle  slope  appears  to  be  underlain  by  a  heavy 
deposit  of  muck  having  a  maximum  thickness  betAveen  50  and  75  feet 
and  thinning  out  toward  the  creek  as  well  as  toward  the  ridge.  Be- 
low this  muck  there  is  a  deposit  of  sand  and  fine  gravel  Avith  some 
clay — 30  to  60  feet  thick — overlying  coarse  gravel  which  is  aurifer- 
ous. The  depth  to  bed  rock  varies  greatly,  being  determined  by  the 
position  of  the  shaft,  Avhether  cm  the  creek  bed,  Avhere  the  alluvium 
is  said  to  be  not  more  than  50  feet  deep,  or  on  the  talus  slope,  where 
it  may  be  200  feet. 

The  pay  streak  is  reported  to  be  100  feet  or  more  wide,  Avith  a 
thickness  of  3  to  (>  feet.  It  has  been  rather  definitely  traced  for  a 
couple  of  miles  along  Vault  Creek  beloAV  the  mouth  of  Treasure 
Creek,  and  for  half  a  mile  up  the  latter  stream.  Little  i)rospecting 
has  been  done  on  the  lower  part  of  Vault  Creek,  AAliere  the  alluvium 
is  said  to  be  very  deep.     Near  it.s  mouth,  in  the  Chatanika  flats,  the 


«  By  Alfred  H.  Brooks  and  C.  C.  Covert. 

•The  information  on  Vault  Creek  was  obtained  l)y  Alfred  IT.  Bro«»ks  In  1!)07 
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alluvium  is  319  feet  deep,  of  which  GO  feet  is  muck.  The  pay  streak 
was  struck  at  160  feet,  on  a  false  bed  rock.  Prospecting  has  been 
done  on  Vault  Creek  for  several  years,  but  it  was  not  until  1906-7 
that  good  values  were  found.  In  1907  there  was  a  considerable  pro- 
duction. The  creek  has  been  rendered  easily  accessible  since  the  rail- 
way was  extended  down  the  side  of  its  valley  in  1907. 

OUR  CUEKK." 

Our  Creek  is  tributary  to  the  Chatanika  west  of  Vault  Creek.  It 
has  a  length  of  about  7  miles  and  a  general  northerly  course.  This 
creek  has  not  been  visited  by  a  geologist,  but  it  is  reported  to  be  very 
similar  to  Vault.  In  1907  good  prospects  were  reported  to  have  been 
found.  If  values  are  obtained  in  this  basin  it  will  show  that  the 
gold-bearing  area  extends  to  the  west- 

ESTHER    AND   CRIPPLE   CREEKS." 

Esther  Creek  adjoins  xVlder  Creek  to  form  Cripple  Creek,  which  is 
tributary  to  Chena  Slough.  The  lower  part  of  Cripple  Creek  flows 
through  a  broad  flat,  but  about  a  mile  from  the  slough  the  valley  be- 
comes well  defined.  Its  floor  here  is  about  half  a  mile  wide  and  is 
bounded  by  ridges  500  to  1,000  feet  high.  The  Esther  and  Alder 
creek  valleys  are  about  one-half  mile  wide  at  their  mouths  and  grad- 
ually narrow  upstream.  So  far  as  known  the  bed  rock  of  the  entire 
basin  is  principally  mica  schist,  but  some  granite  is  known  to  occur 
on  Esther  Creek. 

Esther  Creek  has  a  length  of  about  5  miles,  and  gold  has  been 
found  about  4  miles  from  the  mouth.  The  depth  to  bed  rock  ranges 
from  between  120  and  135  feet  near  the  mouth  to  15  feet  4  miles 
above.  The  following  table  shows  some  of  the  important  feature,s  of 
the  alluvial  deposits. 

Depth  t(t  hnJ  rock,  thi(kn(\ss  o/  murk,  and  width  o/  ratlcff  floor  along  Esther 

Creek, 


(Maim  No. 


Depth  to 
,  bed  rock. 


Feet. 

7  and  8  below , '  90 

2  to  4  beloA... fir>-75 

1  below 60 

Discovery r>5 

'.i  to  f)  above 25 

7  above I  15 


Thickness  | 
of  muck.  , 


Width  of 
valley 
floor. 


Feet. 

40-60 

25-30 

20 

15 

&-12 

3± 


Feet. 
1,000 


700 


The  above  depths  to  bed  rock  are  only  approximate,  as  they  vary 
greatly  in  any  given  cross  section  of  the  valley.     For  example,  on 


"  Based  on  information  obtained  by  Alfred  II.  Brooks  in  1907. 
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claim  No.  4  the  depth  to  bed  rock  near  the  east  side  of  the  valley  was 
found  to  be  nearly  100  feet,  while  on  the  claim  above,  a  hole  on  the 
west  side  of  the  valley  encountered  bed  rock  at  40  feet.  The  matter 
is  further  complicated  by  a  terrace  (20  to  40  feet)  of  fine  silt,  with 
a  little  sand  and  gravel,  remnants  of  which  are  preserved  at  various 
places  along  both  slopes  of  the  valley.  The  bed  rock  underneath  this 
terrace  appears  to  lie  at  about  the  same  altitude  as  that  under  the 
creek  bed,  but  holes  sunk  through  the  terrace  to  bed  rock  are  neces- 
sarily much  deeper  than  those  in  the  A^alley  floor.  A  still  higher  ter- 
race has  been  found  along  the  east  side  of  the  valley  near  a  tributary 
called  Ready  Bullion  Creek.  Here  a  heavy  deposit  of  silt  40  to  60 
feet  deep  was  found  resting  on  some  well-washed  gravels  which  over- 
lie a  bed-rock  floor  standing  100  to  200  feet  above  that  of  the  creek 
bed.  These  high  gravels  are  known  to  carry  colors  and  are  worthy 
of  further  investigation.  The  gravels  are  iron  stained,  like  those 
of  the  bench  placers  on  Cripple  Creek. 

The  gravels  of  Esther  Creek  are  in  the  main  well  rounded  and  are 
made  up  principally  of  mica  and  quartz-mica  schist.  Some  large 
bowlders  of  quartz,  the  larger  of  which  reach  2  feet  in  diameter,  are 
also  present.  Granite  pebbles  are  not  uncommon,  and  in  some  places, 
notably  on  No.  4  below,  they  form  a  large  percentage  of  the  gravels. 
The  bed  rock,  as  stated,  is  generally  a  schist,  though  in  some  i)laces 
granite  has  been  found.  The  schist  ranges  from  a  fine-grained  mica 
variety,  which  is  as  a  rule  deeply  weathered,  to  a  harder  quartzose 
phase  which  approaches  a  quartzite  and  is  commonly  blocky.  The 
ground  is  usually  frozen,  but  one  belt  of  thawed  ground  has  been 
found.  The  pay  streak  as  mined  averages  between  5  and  0  feet,  of 
which  from  half  to  two-thirds  is  gravel  and  the  balance  weathered 
bed  rock.  The  width  of  the  pay  streak,  as  defined  by  the  present 
cost  of  mining,  is  about  40  to  50  feet  for  the  upper  part  of  the  creek. 
The  values  in  the  material  hoisted  probably  average  $4  to  $G  to  the 
cubic  yard. 

Esther  Creek  was  first  staked  in  1903,  and  some  careful  prospecting 
was  done  on  it  during  the  following  year,  but  its  output  did  not 
become  important  until  11)0(>.  It  now  has  an  established  position 
as  a  large  gold  producer,  and  there  is  much  ground  on  the  creek 
which  has  not  been  prospected. 

In  1907  several  mines  were  in  operation  on  the  east  side  of  Cripple 
Creek  and  are  reported  to  be  working  on  bench  gravels,  but  these 
deposits  have  not  been  studied.  These  gravels  are  red  like  the  bench 
gravels  on  Esther  Creek.  Some  gold  has  been  taken  out,  but  little 
mining  except  this  has  been  done  on  Cripple  Creek. 

Alder  Creek  has  yielded  no  gold,  though  the  gravels  are  said  to  be 
auriferous,  and  it  appears  probable  that  this  creek  also  lies  in  the 
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gold  belt.  Some  extensive  prospecting  was  done  on  this  stream 
with  a  churn  drill  during  the  winter  of  1907  but  the  results  are  not 
available  for  publication. 

All  these  creeks  are  readily  accessible  from  the  Xanana  Valley 
Railway.  A  good  road  leads  up  Esther  Creek  and  several  feeders 
have  been  built. 

SMALLWOOU    CRKKK.** 


Smallwood  Creek,  a  westerly  tributary  of  the  Little  Chena,  is 
about  9  miles  in  length.  The  floor  of  its  valley  where  work  is  in 
progress  is  about  half  a  mile  wide,  and  from  this  floor  the  valley 
walls  rise  with  gentle  slope  to  the  bounding  ridges,  which  stand  at 
1,000  to  1,()00  feet  above  the  sea.  Smallwood  Creek  has  not  been 
gaged,  but  appears  to  carry  a  large  amount  of  water.  The  gradient 
of  the  creek  is  low,  j^robably  not  over  OO  feet  to  the  mile  in  the 
iipj^er  half  of  its  course  and  somewhat  less  in  the  lower  half.  There 
is  little  clue  to  the  character  of  the  bed  rock  except  the  constitution 
of  the  gravels.  It  is  known,  however,  that  the  ridge  lying  northwest 
of  Smallwood  Creek  is  made  up  largely  of  granite  and  that  granite 
forms  the  bed  rock  of  much  of  Nugget  Creek,  a  westerly  tributary  of 
Smallwood.  To  judge  from  the  alluvium,  mica  schist  is  probably 
the  country  rock  of  much  the  larger  part  of  this  basin.  Among  other 
rocks  noted  in  the  gravels  is  a  fine-grained  rock  carrying  porphyritic 
crystals  of  feldspar. 

Comparatively  little  prospecting  has  been  done  on  Smallwood 
Creek,  and  it  is  tiierefore  possible  to  make  but  few  statements  as 
regards  the  character  and  depth  of  the  alluvium.  It  appears  that 
the  bed-rock  floor  has  in  general  about  the  same  slope  as  the  present 
stream  valley,  but  locally  some  irregularities  occur.  The  depths  to 
bed  rock  as  reported  by  miners  are  as  follows: 

Depth  t(t  bed  r<n'k  and  iinnlitUtn  of  (/round  (ilon<j  SniaUwood  Creek, 


Claim  niimbor. 

Depth 
to  beil 
roek. 

Condition  of  ground. 

1  above  (mouth  of  NiigKOt  Creek)  

Feet. 
50 
50 

10  feet  of  muck;  ground  thawed. 

2  above.                                _  _    _.  _ 

Ground  frozen. 

3  below -_ 

108 
130 
135 
145 
317 

Do. 

•1  below 

25  feet  of  muck;  ground  frozen. 

5  below                      -  - 

Ground  frozen. 

7  below 

17  below 

45  feet  of  muck;  ground  frozen. 
fiO-100  (?)  feet  of  muck;  ground  frozen. 

This  table  indicates  that  there  is  a  body  of  gravel  ranging  in  thick- 
ness from  40  feet  near  the  head  of  the  creek  to  200  feet  5  miles 
below.    As  the  creek  valley  is  from  100  yards  to  half  a  mile  or  more 


"  This  description,  by  Alfred  IT.  Rrooks.  is  based  on  one  day's  examination  of  the  upper 
part  of  the  creek  and  on  compiled  information. 
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in  width,  it  is  evident  that  there  is  here  an  enormous  body  of  gravel. 
The  overburden,  usually  termed  muck  by  the  miners,  is  a  fine  silt  or 
clay,  in  general  of  a  dark-gray  color.  This  overlies  sands  and  gravels 
which  appear  to  increase  in  coarseness  toward  bed  rock.  The  gravels 
are  mostly  well  rounded  except  on  bed  rock,  where  they  are  angular. 
They  are  made  up  in  the  main  of  mica  schist,  with  much  vein  quartz, 
and  also  carry  granite,  which  at  the  mouth  of  Nugget  Creek  pre- 
dominates over  the  other  material.  The  pebbles  of  gray  porjihyritic 
rock  have  already  been  referred  to. 

Claims  were  first  staked  on  Smallwood  Creek  in  November,  1904, 
but  no  considerable  w^orlr  appears  to  have  been  done  until  1906.  Dur- 
ing 1906  and  1907  probably  a  dozen  claims  were  worked.  This  pros- 
pecting has  been  sufficient  to  establish  the  fact  that  the  gravels  of  at 
least  the  upper  2  miles  of  Smallwood  Creek  and  some  of  its  tribu- 
taries are  auriferous,  and  at  some  localities  values  have  been  found. 
Perhaps  the  most  significant  feature  is  the  reported  finding  of  good 
prospects  at  No.  17  below,  at  a  depth  of  317  feet.  The  writer  was  un- 
able to  visit  this  locality,  but  it  appears  that  the  discovery  is  suf- 
ficiently encouraging  to  warrant  further  developments.  If  values 
have  been  found  in  this  lower  part  of  the  creek,  as  they  are  known 
to  occur  in  the  upper  part,  it  augurs  well  for  the  occurrence  of  gold 
between. 

So  little  ground  has  been  opened  up  that  it  is  impossible  to  make 
any  generalizations  as  to  the  width  of  the  pay  streak.  It  is  reported 
that  on  one  claim  values  have  been  found  for  a  width  of  120  feet,  and 
that  these  occur  in  the  lower  8  to  4  feet  of  graviels  and  in  the  decom- 
posed bed  rock  to  a  depth  of  2  to  2 i  feet. 

The  gold  seen  by  the  writer  is  medium  fine  and  occurs  in  small 
scales.  Nuggets  are  relatively  rare,  the  two  largest  rej)()rted  being 
valued  at  $2.75  and  $11.50.  The  gold  is  said  to  run  about  $18.11  to 
the  ounce. 

The  ground  in  the  upper  mile  of  the  creek  is  said  to  be  thaw^ed 
*  and  is  shallow  enough  to  be  worked  by  dredges  or  open-cut  methods. 

The  meager  information  here  set  forth  clearly  indicates  that  this 
creek  and  its  tributaries  are  well  worth  careful  prospecting.  The 
lower  valley  is  so  wide  that  it  will  be  expensive  to  prospect  it  care- 
fully, and  it  would  appear  that  this  can  best  be  done  by  grouping 
the  claims  and  systematically  crosscutting  the  entire  body  of  gravel. 

MINING    METHODS. 

The  methods  of  mining  in  the  Fairbanks  region  (1905)  are  the 
same  as  those  used  extensively  for  simihir  types  of  deposits  in  the 
Klondike  region.  The  methods  have  been  necessarily  determined  by 
the  grade  of  the  valleys,  the  thickness  and  character  of  the  de- 
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posits,  and  the  available  water  supply.  Only  a  small  part  of  the 
ground  has  a  grade  of  over  100  feet  to  the  mile  and  most  of  it  has 
considerably  less.  The  deposits  worked  range  from  a  few  feet  to  over 
120  feet  in  thickness.  The  creeks  are  small,  carrying  ordinarily 
200  to  400  miner's  inches  of  water.  In  dry  seasons  the  present  sources 
of  water  supply  would  be  inadequate,  and,  while  thus  far  only  short 
ditches  have  been  in  use,  a  project  is  under  way  to  supply  some  of  the 
areas  with  water  from  the  upper  part  of  Chatanika  Valley  by  means 
of  a  ditch  about  75  miles  long. 

PROSPKCTING. 

As  the  pay  streak,  if  present,  lies  almost  everywhere  on  bed  rock, 
the  chief  work  of  i)rospecting  consists  of  sinking  holes  to  bed  rock. 
It  is  usually  necessary  to  thaw  the  ground,  and  while  crude  methods 
requiring  wood  fires  or  hot  water  are  still  in  use,  the  most  approved 
method,  and  the  one  most  conunonly  employed,  is  that  carried  on 
by  means  of  steam.  Small,  portable,  knockdown  steam-thawing 
outfits  that  can  be  packed  on  horses  are  now^  obtainable,  thus  permit- 
ting prospecting  in  remote  areas.  After  the  ice  has  been  melted  the 
material  to  be  excavated  is  loosened  w^ith  a  pick,  shoveled  into  a 
bucket,  and  hoisted  to  the  surface,  usually  by  hand  windlasses.  If 
the  ground  is  deep  the  prospect  shaft  is  generally  timbered  to  the 
depth  of  the  overlying  muck.  The  most  formidable  difficulty  encoun- 
tered in  sinking  is  live  Avater,  whi(;h  often  necessitates  the  abandon- 
ment of  shafts,  (ireat  depth  of  ground  also  increases  the  difficulty 
of  sinking  holes,  and  consequently  nudves  the  wx)rk  of  locating  the 
pay  streak  slow. 

OPEN-CUT    MINING. 

The  ground  is  generally  stripped  first  of  all  by  sluicing  off  the 
overlying  muck.  A  bed-rock  drain  is  then  constructed,  and  an  open 
cut  of  sufficient  width  for  one  or  two  sets  of  boxes  is  carried  gradu- 
ally up  the  valley.  In  some  cases  the  gravel  is  hoisted  by  steam 
power  entirely  out  of  the  cut  to  boxes  set  above  the  surface  and  to 
one  side  of  the  workings.  By  this  method  a  frequent  resetting  of 
the  boxes  is  avoided  and  there  is  a  better  disposal  of  tailings.  Gravel 
is  hoisted  by  derrick,  by  automatic  trolley,  or  by  a  rock  pump. 
Where  the  last  method  is  used  a  set  of  boxes  is  placed  on  the  bottom 
of  the  cut,  the  coarsest  ])ieces  are  forked  out,  and  all  the  rest  of  the 
material  is  elevated  through  the  pump  to  the  boxes  on  the  surface. 
Owing  to  the  depth  of  the  gravels  the  open-cut  method  and  its  modi- 
fications are  of  limited  application. 

DRIFTING. 

The  methods  of  working  the  deep  gravels  of  this  region  are  simi- 
lar to  those  employed  in  the  deep  gravels  of  other  fields,  with  the 
modifications  rendered  necessary  by   the   frozen  character  of  the 
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ground.  These  methods  have  gradually  developed  in  the  Yukon 
Territory  and  in  Alaska,  and  from  year  to  year  have  become  more 
efficient  in  solving  the  problems  that  are  met.  In  the  Fairbanks 
region  in  1903  thawing  was  accomplished  by  the  cruder  methods 
mentioned,  and  equipments  for  thawing  by  steam,  which  had  been 
found  so  effective  in  the  Klondike  region,  were  not  plentiful.  Since 
then  extensive  steam  plants  have  been  introduced,  capable  of  thaw- 
ing and  handling  daily  large  quantities  of  gravel. 

The  process  in  general  includes  the  following  operations:  (1) 
The  sinking  of  a  shaft  to  bed  rock,  ranging  in  depth  from  20  to 
300  or  more  feet;  (2)  the  timbering  of  the  shaft  and  the  portion  of 
the  drifts  near  the  shaft;  (3)  the  opening  up  of  the  ground  by  drifts 
which  are  run  either  parallel  to  or  across  the  pay  streak  and  from 
which  crosscuts  are  driven;  (4)  the  extraction  of  the  gravel  from 
the  crosscuts,  beginning  at  the  farther  limits  of  the  drifts  and  work- 
ing toward  the  shaft;  (5)  the  hoisting  of  the  pay  gravel  with  as 
little  waste,  as  possible  to  the  surface;  and  (6)  the  recovery  of  the 
gold  by  ordinary  sluicing.  The  main  drift  is  usually  carried  to  a 
maximum  distance  of  about  200  feet  in  each  direction  from  the  shaft, 
and  the  ground  is  blocked  off  by  crosscuts  having  a  variable  length  up 
to  about  100  feet.  Fortunately  but  little  timbering  is  generally 
required.  Where  the  ground  is  weak,  pillars  are  left  at  intervals 
of  about  25  feet  when  working  back  the  faces  toward  the  shaft. 
Ordinarily,  as  mining  commences  at  the  extreme  limit  of  the  area 
to  be  worked,  the  ground  from  which  the  pay  dirt  has  been  removed 
is  allowed  to  settle  if  it  will.  Experience  has  shown  that  settling  is 
generally  so  gradual  that  the  work  can  be  carried  away  from  the 
settling  ground  with  sufficient  speed  to  avoid  trouble. 

The  steam-point  method  of  thawang  is  the  one  most  commonly  in 
use.  The  steam  point  is  a  piece  of  one-half  or  three-eighths  inch 
hydraulic  pipe,  5  to  8  feet  or  more  in  length,  with  a  blunt,  hollow 
point  of  tool  steel  for  piercing  the  ground  and  a  solid  head  of  tool 
steel  or  machine  steel,  sufficiently  strong  to  withstand  the  impact 
of  a  maul  or  sledge.  Steam  is  admitted  through  a  pipe  fitted  laterally 
in  a  small  aperture  near  the  head.  The  points  are  placed  about  2^ 
feet  apart,  and  from  a  dozen  to  twenty  or  more  are  used  in  a  plant 
of  average  size.  The  power  needed  is  1  to  2  horsepower  per  point 
and  the  duty  of  a  point  is  3  to  4  or  more  cubic  yards  per  day  of  ten 
hours..  In  use  the  point  is  driven  in  gradually  as  the  ground  becomes 
thawed.  It  is  customary  in  most  places  to  use  either  hot  water  at 
a  temperature  of  about  140°  F.  or  a  mixture  of  hot  water  and  steam 
while  driving  the  points,  and  then  to  complete  the  thawing  by  means 
of  steam  alone,  since  by  employing  hot  water  in  a  part  of  the  opera- 
tion the  atmosphere  of  the  mine  does  not  become  so  vitiated  through 
24304— Bull.  337—08 4 
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the  condensation  of  the  steam  and  the  conditions  for  working  are  con- 
sequently betteF. 

Hot-water  hydraulicking  by  means  of  the  pulsometer  or  other 
steam  pump  has  been  very  successful  in  some  places.  Pulsometers 
in  use  in  1905  were  reported  to  do  the  work  of  20  points,  and  as 
by  this  method  a  jet  of  hot  water  is  thrown  forcefully  against 
the  frozen  face,  the  gold  particles  are  more  easily  released  from 
adhesive  material  in  which  they  may  be  embedded  than  by  the  use 
of  points.  Pulsomet^ers  are  generally  suspended  in  a  sump  at  the 
bottom  of  the  shaft,  and  the  hot  water  is  sui)plied  by  siphon  from 
the  boiler.  Surplus  water  is  generally  removed  by  centrifugal  pumps. 
It  seems  [)robable  that  hot-water  hydraulicking  will  be  more  generally 
employed. 

After  thawing,  the  gravel  is  removed  with  pick  and  shovel  and 
carried  by  wheelbarrows  to  the  shaft,  whence  it  is  hoisted  to  the 
surface  by  buckets  at  iched  generally  to  an  automatic  trolley.  In 
summer  it  is  conveyed  directly  to  the  sluice  boxes,  or,  when  the  water 
for  sluicing  is  available  for  only  part  of  the  shift,  to  a  hopper  con- 
nected with  the  set  of  boxes.  In  winter  the  gravel  is  conveyed  to  a 
dump  under  which  sets  of  boxes  have  been  arranged  and  later,  in 
the  spring,  it  is  passed  through  the  sluices.  Ground  which  stands 
well  without  timbering  is  worked  both  winter  and  summer,  but  sum- 
mer work  is  cheaper,  (iround  having  a  tendency  to  cave  is  often 
left  for  winter  exploitation,  as  it  is  found  that  the  expense  of  rehan- 
dling  in  the  spring  is  more  than  counterbalanced  by  the  greater 
facility  with  which  the  gravel  can  be  extracted. 

The  ordinary  sluice  boxes  with  pole  riffles  are  universally  employed, 
usually  12  by  14  inches  in  cross  section  and  12  feet  long.  An  aver- 
age size  dump  box  or  rock  box  is  20  to  22  feet  in  length  and  36 
to  40  inches  or  more  in  width.  This  catches  from  60  to  90  per  cent 
of  all  the  gold  saved,  and  most  of  the  remainder  is  caught  in  the  next 
three  boxes,  which  have  gi'ades  generally  ranging  from  9  to  12  inches 
to  the  box.  Ordinarily  two  clean-ups  a  week  are  made.  The  con- 
centrates are  dried  in  mining  pans  on  stoves  or  blacksmiths'  forges, 
and  as  a  rule  are  cleaned  by  dry  panning  and  blowing. 


The  cost  of  milling  under  conditions  in  1905  was  so  great  that  most 
of  the  ground  worked  had  to  carry  in  the  pay  streak  values  of  at  least 
2  cents  to  the  pan,  or  approximately  $2.75  to  the  cubic  yard.  Most 
of  the  claims  are  1,500  feet  in  length,  measured  parallel  with  the 
courses  of  the  creeks  on  which  they  are  located,  and  there  are  gen- 
erally two  or  three  outfits  working  on  a  single  claim.  At  many 
claims  the  ground  is  worked  by  laymen,  who  give  from  a  third  to  a 
half  of  the  output  to  the  owners. 
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The  prevailing  wage  for  miners  is  $5  a  day  and  board,  but  in 
some  places  it  reaches  $6  a  day  and  board.  The  duty  per  man  per 
day  of  ten  hours  is  from  75  to  100  wheelbarrows  of  dirt  broken  down 
with  the  pick,  shoveled  into  a  wheelbarrow  or  cars,  and  delivered  to 
the  shaft  bucket ;  the  average  is  probably  about  9  cubic  yards  a  day, 
but  under  very  favorable  conditions  for  short  periods  of  time  this 
quantity  may  be  nearly  doubled.  The  conditions  under  which  work 
in  the  drifts  is  carried  on  vary  with  the  character  and  form  of  the 
deposit.  \ATiere  the  pay  streak  is  thin  the  drifts  are  made  as  low  as 
possible  to  avoid  removing  more  waste  than  is  absolutely  necessary, 
from  which  it  is  seen  that  the  most  favorable  conditions  occur  when 
the  pay  streak  is  of  such  a  thickness,  6  feet  or  more,  that  on  its  re- 
moval there  is  space  for  perfect  freedom  of  movement  and  sufficient 
ventilation. 

SUMMARY. 

Although  up  to  1905  the  producing  creeks  were  few  and  compara- 
tively short  and  most  of  the  deposits  were  so  deep  and  so  consolidated 
by  ice  that  machinery  and  much  time  were  required  for  their  devel- 
opment, the  returns  were  for  the  most  part  satisfactory.  The  intro- 
duction of  much  machinery  met  with  a  quick  response  in  a  greatly 
increased  production.  With  the  lower  cost  of  mining  resulting  from 
increased  facilities  in  transportation,  there  is  the  opportunity  every 
season  of  working  ground  containing  lower  values;  there  are,  fur- 
ther, the  potentialities  of  the  undeveloped  creeks  w^hich  have  just 
become  producers,  and  the  possibilities  of  new  discoveries. 

The  problem  of  water  supplj^  is  becoming  more  important  every 
year,  and  has  led  to  extensive  plans,  to  which  reference  has  already 
been  made,  for  bringing  water  from  the  upper  valley  of  the  Chata- 
nika.  An  inspection  of  the  map  shows  a  considerable  diflFerence  be- 
tween the  level  of  Beaver  Creek  at  the  great  bend  and  that  of  streams 
to  the  south  and  southeast,  tributary  to  the  Tanana,  and  this  has  been 
suggested  by  R.  B.  Oliver  as  an  important  possible  source  of  water 
supply. 

WAJER  SUPPLY  OF  THE  FAIRBANKS  REGION,  1907. 
By  r.  r.  Covert. 

The  future  development  of  the  Fairbanks  mining  district  depends 
more  or  less  on  the  economical  development  of  its  water  resources. 
Most  of  the  producing  creeks  have  small  drainage  areas  and  will 
furnish  but  a  scanty  water  supply,  especially  during  the  dry  season. 

During  July  and  part  of  August,  1907,  the  operators  were  obliged 
to  resort  to  various  schemes  to.  procure  sufficient  water  for  sluicing. 
In  some  places  the  water  was  returned  for  a  second  and  third  time  to 
the  sluice  box  by  means  of  the  steam  pump,  entailing  extra  expeuse 
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both  in  fuel  and  equipment,  and  on  a  number  of  the  creeks  only  about 
half  of  the  mines  were  in  operation. 

In  the  early  days  of  the  camp,  when  but  a  few  operators  were  at 
work  on  each  stream  and  its  watershed  was  well  protected  by  timber, 
little  thought  was  given  to  the  supply  of  water  for  the  sluice  box,  but 
as  the  camp  developed  from  year  to  year  and  the  demand  for  water 
was  greatly  increased  it  became  evident  that  a  larger  supply  must  be 
procured.  Consequently,  as  with  other  and  older  camps,  numerous 
ditch  lines  were  planned  to  bring  water  into  the  district. 

The  general  topography  of  the  country  is  such  that  ditch  lines  from 
the  larger  drainage  areas  are  not  practical.  (See  map,  PI.  I.) 
Most  of  the  producing  creeks  rise  in  a  high,  rocky  ridge,  of  which 
Pedro  Dome,  with  an  elevation  of  nearly  2,500  feet  above  sea  level,  is 
the  center.  At  least  50  per  cent  of  the  mining  is  done  at  an  elevation 
of  over  800  feet  and  25  per  cent  above  1,000  feet.  The  drainage  basins 
of  sufficient  area  and  elevation  to  supply  water  to  the  upper  reaches 
of  these  producing  creeks  lie  at  a  distance  of  more  than  50  miles  in 
a  direct  line  and  over  100  miles  by  ditch  line.  The  cost  of  building 
and  maintaining  such  ditches,  especially  as  they  could  furnish  but  a 
moderate  supply  of  water,  would  be  excessive. 

In  the  older  mining  camps  of  Alaska,  especially  those  of  Seward 
Peninsula,  many  hydraulic  enterprises  have  failed  owing  to  the  lack 
of  reliable  information  concerning  the  available  water  supply.  In 
order  that  like  failures  may  be  avoided  in  the  Tanana  Valley,  the 
United  States  Geological  Survey,  during  the  summer  of  1907,  ex- 
tended to  the  Fairbanks  district  the  stream-gaging  work  started  in  the 
Nome  region  in  lOOO  and  continued  there  this  year. 

The  field  work  in  the  Fairbanks  district  was  carried  on  from  June  20 
to  September  15  and  the  region  covered  includes  the  drainage  basins 
of  Little  Chena  Kiver,  (loldstreani  Creek,  Chatanika  River,  Beaver 
Creek,  and  Washington  Creek,  comprising  an  area  of  approximately 
2.200  square  miles.  Owing  to  the  lack  of  adequate  funds  the  work 
was  largely  of  a  reconnaissance  character.  However,  the  keeping  of 
systematic  records  on  some  of  the  more  important  streams  was  made 
possil)le  through  the  hearty  cooperation  of  the  people  interested. 
Among  the  many  who  rendered  valuable  assistance  in  procuring  the 
data  given  in  the  accompanying  tables  are  Mr.  John  Zug,  superin- 
tendent of  the  good  roads  connnission:  Mr.  A.  D.  Gassaway,  general 
manager  of  the  Chatanika  Ditch  Company;  Mr.  Falcon  Joslin,  presi- 
dent of  the  Tanana  Mines  Railroad  ;  Mr.  Herman  Wobber,  Fairbanks 
Creek;  Mr.  C.  I).  Hutchinson,  electrical  engineer,  Tanana  Electric 
Com])any;  and  Mr.  Martin  Harris,  Chena. 

After  making  a  careful  study  of  the  general  topographic  condi- 
tions of  the  mining  district  proper  and  its  surrounding  country  it 
was  decided  to  establisli  a  few  regular  stations  at  the  most  convenient 
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points  in  the  larger  drainage  areas  and  study  the  daily  run-off  dur- 
ing the  open  season  from  records  thus  obtained.  This  plan  afforded 
greater  opportunities  for  procuring  comparative  data  than  that  of 
covering  a  larger  territory  in  a  less  definite  way.  In  this  country 
without  storage,  daily  records  are  an  important  factor,  and  such  rec- 
ords could  not  have  been  obtained  over  an  extended  area.  Outside 
of  the  producing  creeks  the  country  is  almost  a  wilderness,  and  it 
is  practically  impossible  to  get  observations  other  than  those  which 
would  be  made  on  the  occasional  visits  of  the  engineer.  No  daily  or 
even  weekly  records  could  have  been  assured,  and  the  results  ob- 
tained from  scattering  measurements  would  have  furnished  no  com- 
prehensive idea  as  to  what  the  daily  run-off  of  the  streams  really 
was  throughout  the  open  season. 

On  account  of  the  location  of  the  stations  the  results  published  in 
the  following  tables  have  a  more  direct  bearing  on  the  development 
of  water  power  for  electric  transmission  than  on  that  of  a  water  sup- 
ph^  to  ditch  lines  for  hydraulicking,  though  a  properly  constructed 
ditch  may  furnish  water  for  either  or  both. 

The  records  kept  on  the  upper  Chatanika  establish  the  fact  that 
the  volume  of  water  is  more  nearly  what  would  be  required  for"  a 
ditch  supply  than  that  of  any  other  drainage  area  within  a  prac- 
ticable distance  of  the  Fairbanks  district,  except  that  of  Beaver 
Creek.  WTiile  the  upper  Chatanika  may  thus  be  considered  for  fur- 
nishing water  to  the  F'airbanks  district,  the  supply  would  have  to  be 
conveyed  for  more  than  100  miles  through  a  ditch  line  difficult  to 
construct  and  maintain  before  it  would  be  available  for  use,  and  then 
on  account  of  the  low  head  but  a  small  number  of  the  producing 
creeks  would  be  benefited.  The  Beaver  Creek  l)asin  would  furnish  a 
greater  supply  at' perhaps  a  higher  elevation,  but  its  greater  distance 
from  the  seat  of  operations  makes  it  a  less  practical  source  of  water 
than  the  Chatanika. 

From  the  data  at  hand  it  appears  that  hydro-electric  development 
is  the  most  practical  solution  for  the  various  industrial  problems  of 
the  camp.  Electric  power  could  be  readily  transmitted  to  the  various 
creeks  and  easily  supplied  to  the  individual  miner  as  a  cheap  and 
practical  power  for  pumping  water  to  the  sluice  box,  for  running 
the  hoist,  for  elevating  the  tailings,  for  pumping  water  out  of  Jthe 
mines,  for  lighting  the  underground  work,  and  in  some  localities  for 
supplying  power  to  the  dredge. 

The  following  tables  indicate  in  a  general  way  the  work  done  in 
the  Fairbanks  district  during  the  past  season.  A  more  detailed  report 
of  the  work  done  in  this  territory  will  be  published  in  a  water-supply 
paper  of  the  United  States  Geological  Survey. 

Table  1  gives  a  list  of  discharge  measurements  made  at  the  several 
gaging  stations  together  with  the  approximate  elevation  above  sea 
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level,  the  drainage  area  in  square  miles  above  the  gaging  station,  and 
the  discharge  in  cubic  feet  per  second. 

Table  2  gives  the  daily  discharge  in  second-feet  at  the  regular 
gaging  stations.  Second-feet  is  an  abbreviation  for  cubic  feet  per 
second.  A  second-foot  is  the  rate  of  discharge  of  water  flowing  in  a 
stream  1  foot  wide,  1  foot  deep,  at  a  velocity  of  1  foot  per  second. 

The  "  miner's  inch  "  expresses  the  rate  of  discharge  of  water  that 
passes  through  an  orifice  1  inch  square  under  a  head  which  varies 
■locally,  that  commonly  used  in  the  Fairbanks  district  being  6  inches. 
To  obtain  the  discharge  in  miner's  inches  multiply  the  cubic  feet  per 
second  by  40. 

Table  3  gives  the  drainage  area  in  square  miles  above  the  gaging 
station  and  the  mean  run-off  in  second-feet  per  square  mile;(22g3i) 
signifies  that  the  records  covered  the  period  from  the  22d  to  the  31st 
of  the  month  and  that  the  mean  run-off  was  0.577  second-foot  per 
square  mile  for  that  period. 


Table  1. — Discharge  measurements  made  in  the  Fairbanks  district  in  1907. 


Date. 

Stream. 

Locality. 

Eleva- 
tion 
above  sea 
level. 

'  Drainage 
area. 

Gage 
height. 

Dis- 
charge. 

July  21..  . 

Pish  Creek 

Above  Fairbanks  Creek. 

ii"idoiiii""iiriiii"i; 

Near  Cra'ln"CroBkr"~". 

Feet, 
925 

Sq.  miles. 
39 

Ptet. 
1.00 
.99 
1.55 
1.35 
1.00 

Sec.-ft. 
23  7 

July  25 

Augusts 

August  4 

August  19_.__ 
June  24__ 

do 

do 

Fairbanks  Creek 

Illlldol"""""""" 

Bear  Creek 

21,2 
47.8 
37.6 
20.8 
1  4 

Do 

Near  claim  2  above 

*>  2 

Julys 

Near  claim  9  above 

72 

July  20 

Near  Claim  10  above 

1  30 

Do 

Near  Tecumseh . 

900 

12 

8.4 
7  0 

August  22.. ._ 

July  6 

July  24 _ 

do - 

do- 

Miller  CreeJc 

Near  mouth 

7.% 

790' 

800' 

800 

15 

lb'" 

' e'" 

13.8 

"V.e"' 
i.a^. 

1.615 
1.0 
1.4 
1.02 
.60 

.565 
1.10 
1.05 

.73 

7  0 

....do 

.""doIII"I"I""I]III"; 

Just  below  Helm  Creek. 
do._ 

Just  above  Helm  Creek. 

Near  mouth  of   Sorrel 

Creek. 
do.       ..    

7.6 

August  20 

August  6 

August? 

Do 

July  23 

August  5 

August  20 

July  23 

do 

ii"ido:"""""i"i" 

do 

Elliott  Creek- 

8.0 
8.0 
8.0 
4.9 
5  1 

do - 

Sorrels  Creek. 

13  8 

do. 

Near  mouth 

do 

Above  mouth  of  Elliott 
Creek. 

do 

Lower  line  of  claim  6 

below. 
do - 

800" 
800" 

"IIIIIIIII 

888' 

..... 
79" 

28^6' 

7!l 
10  3 

August  5 

August  20 

July  22 

July  24 

August  4 

August  5 

August  20 

June  21  « 

June  28° 

do 

do 

Little  Chena  River.... 

do 

do _ 

do 

do 

Gtoldstream  Creek 

do 

28.2 
12.0 
44.2 

39.7 
113.0 
103.0 
.56.7 
12.3 

22  4 

June  28 

Goldstream  ditch 

Fox  Creek 

Below  intake _.. 

1 

10.8 

Do _ 

900 

7 

4 

10.5 
80 



2  0 

June  27 

Ditch  on  Dome  Creek- 
Little  Eldorado 

Near  claim  2  below 

.84 

June  26 

45 

July  4    - 

CU;ttry  Creek.    

Near  Cleary _ 

2.9 

July  10 - 

Do 

McManus  Greek 

do 

At  mouth 

1,375 

15  6 

do 

16.4 

July  12 

Do 

do... 

500   feet  above   mouth 

of  Smith  Creek. 
At  mouth _    _ 

1.400 

1,375 
2,000 

42 

80 

8 

;;;;;;;; 

10.2 
15.6 

July  13 

i  mile  above  Montana 
Creek. 

1.8 

•  Includes  flow  through  small  sluloe  box  that  diverts  water  from  creek  above  vagfng  station. 
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TABI.E  1. — Discharge  meaHurementH,  etc. — Continued. 


Date. 

Stream. 

Locality. 

Eleva- 
tion 
above  sea 
level. 

Drainage 
area. 

Gage 
height. 

Feet. 

Dis- 
charge. 

July  13_ _ 

Do 

Do 

July  14 

Do 

McManus  Creeks 

do _ 

III"doII""III"I"III 

do 

Smith  Creek- 

Just    below    Montana 

Creek, 
li   miles  below   Idaho 

Creek. 

i  mile  above  mouth 

500  feet  above  mouth  of 

Smith  Creek. 

\  mile  above  mouth 

Near  mouth 

Feet. 
1,975 

1,800 

1,380 
1.400 

1..380 
1.400 

'"TifiO' 

Rq.  mUcs. 
10 

26 
----- 

See.-ft. 
3.8 

6.5 

21.4 
12.4 

19.4 

July  12 . 

34 

iTo' 

14.0 

:::::::: 

7.8 

July  14 

Do 

Do         

do 

Pool  Creek .    __ 

Above  mouth    of    Pool 

Creek. 

Above  mouth 

1   mile   above  Hope 

Creek. 
Near  Zephyr 

8.7 
5.4 

2  4 

Do _ 

Charity  Creek 

5.7 

Do 

Hope  Creek 

7.7 

July  16 

July  26 

August  3 

August  7 

Augu.Mt  15 

Chatanlka  River 

Boston  Cirek __.  . 

Below   Faith    and    Mc- 
Manus creeks. 

do 

do _ 

do 

1  mile  above  mouth 

do -. 

do 

J  mile  above  mouth 

806' 
800 
800 
750 

---- 

6.2 
11 
26 

40"" 

— - 

i.r>8 
i.so-v 

1.89 
2.2.V> 

"To{7' 
1.10 

1..32 
1.33 

51.9 

80.5 
96.5 
188 
3.9 

Do 

Do 

July  9_ 

August  14____ 
July  27 

McKay  Creek 

Belle  Creek 

Kokomo  Creek..  - 

do 

Poker  Creek 

3.7 
10.0 
13.8 
22.7 
22.3 

July  30_ 

August  9 

August  10 

Do 

Illlldo""!"""]"""" 

Little  Poker' Creekll I^ 
Caribou  C»-eek 

1  mile  above  Caribou 

22.6 
36.6 
.37.8 
21.1 

Do 

Near  mouth 

.      3.9 

Do 

Above  Little    Poker 

Creek. 
Below  mouth  of  Poker 
Creek. 

do.. 

do 

About    3    miles    above 
mouth. 

1  mile  above  mouth 

Near  mouth 

10.4 

June  22      -    - 

Chatanlka  Rlv«*r 

"~idoi:":i: "::""" 

Trail  Creek          .    . 

700 



1^700 

i.:.oo 

4'h; 

"27 
1.-) 

l.OS 

.S3 
1.98 

246 

July  4 

August  9 

August  27 

Do 

August  28 

August  29.  _— 
August  30 

Do 

178 
669 
39.9 

Brlgham  Creek 

Poesil  Creek 

16 
19.2 

Bryan  Creek 

.'>  miles  above  mouth. __ 

1.800 
1.800 

1.800 

1,700 

48 
122 

67 

120 

75.3 

Beaver    Creek.    R. 

Branch. 
Beaver    Creek.    L. 

267 
124 

Do 

Branch. 
Nome  Creek 

2  mile  above  mouth 

13.-. 

Table  2. — Daily  tUscfiarpr  in  Hccond-feet  of  various  streams  in  Fairhanks  dis- 
trict, 1907. 

JFNE. 


M 

•-t; 

0 

1 

a>  0 

Day. 

1 

X 

Ji£ 

2 

C 

•=^5 

t 

3: 

*SS4    ■ 

•0 

*5 

^ 

1^5: 

C 

u. 

^ 

i 

20 

10.8 

44.7 

34.8 

250 

21 

10.8 
9.3 
4.9 
7.8 
7.8 

12.3 

44.7 
42.  H 
39.3 

3«.H 
35.3 
3(5. 5 

:^.8 

31.2 
34.  H 
25.0 
21.7 
25.0 

250 
250 
250 
•232 
216 

22               

23 

24 

25     

26 

192 

Day. 


0,  c 


5         50 


'i  u:  :^ 

27 6.4  MA  24.3 

28 20.7  45.9  31.1 

29 :W.2  43.6  26.0 

80 26.3  8(5.8  23.2 

Mean 13. 4  i  40. 5  I  2S.  5 


^M£ 


192 
216 
250 
216 


228 


I 


I 
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Table  2. — Daily  discharge  in  second-feet  of  tmrious  streams,  etc- 

JULY. 


-Continued. 


r>*y% 

1 

»4 
if 
> 

2  _ 

20.7 
12.3 
10. » 
9.3 
4.0 
3.6 
16.4 
12.3 
10.)? 
6.4 
32.2 
HO.  LI 
17.1 
13.8 
34,4 
28.2 

m.9 

1ft.  4 
12.3 
12.3 
10. » 
9,3 
7.8 
12.3 
9.3 
9.3 

tj,4 
4,9 
4,9 
'2.2 

i 

,31 

V 

t 

ao.i 

19.0 
18.5 
17.  *t 
18,1 
17.  & 
17.8 
1ft.  8 
15.0 
lfl,l 
1ft.  0 
1ft.  4 
17.8 

laa 

10.0 
21,6 
34.7 
40,0 
31.6 

2a.  0 

21.2 
17  8 
21.4 
19.1 
38,6 
29.1 
23,9 
21.8 
18,8 
lfi.7 

II 
ll 

1 

1^1. 
=11 

P 

1,..*       *^  **^ 

32.  U 

26.4 
2J.8 
!£!.l 
21,  li 
22.0 
20.8 
20.1 
19,2 
21.0 

20,  r* 

20.1 
2L0 
2U,9 
21.7 
36.3 
36.0 

43.9 
38.6 
31.4 
2&.& 
28.  IJ 
20.4 
01.0 
42.0 
28.4 
30.0 

25.0 

lOi 
192 

i ._ 

1 

3    *      -  ,^.,. 

' 

1 ^  

5 

i&i 

s.„... ,,. 

167 

7...*-., _„„, 

lfi7 

B....„,.,., 

'joi 

»,_, „, 

00 
80 
73 
66 
&7 
hi 
CO 
73 

se 

73 
63 
60 
54 
F>4 

13.9 
10.9 
2.ft.8 
19.8 
10.  H 
ld.S 
IS.  a 
lfi,& 
13.9 
19.8 
13,9 
13.9 
K.O 

mo 

7.9 

mo 

10.0 
13.9 
13.9 
13,9 
10.9 
7,9 
7.9 

im 

10 , 

167 

11,..-. „,...,.,„„. 

.,, 

1      }m 

12 

102 

!*...._.  _......„,„ 



304 

u , 

: 

;::::;;: 

102 

1B,..,..„ ,.. 

216 

1ft.. „_ ..._  „ 

.,,..... 

283 

17 

2li0 

IS 

250 

1#„,,,, 

1, , 

........ 

2S3 

30„...... .. 

'268 

21.,_, 

1 

260 

aa ^ __. 

24 
24 
24 
!M 
27 
34 
21 
21 

m 
IS 

fi.S 

rj.K 

.-!.« 

9.0 

fi.H 

4.1 
2.S 

10.3 
10,3 
10.3 
li3,3 
14.7 
14,7 
ia3 

laa 

H,2 
fi.O 

42 
42 
42 
42 
80 
tifi 

m 

12 
4U 
4!^ 

260 

23.., -,.. 

201 

24............. 

a5_.,„. 

192 
102 

'232 
2M 

!B,..,.. 

250 

28,, „. 

260 

ae.... 

216 

31 ,.,. 

192 

Memii,,.,..,.. 

22..^ 

«.« 

Ifl.ft 

4&.a 

B,l 

'JO.  2 

■/1. 4 

t.7 

14,2 

211 

AUGUST. 


1 

2 

3 

4 

5 

6 

7 

8 

y 

10 

11 

12 

13'!"!!""" 

14 

If) 

16 

17 

18 

19 

20 

21 

22 

23 

24 

'25 

26 

27 

•28 

•29 

30 

31 

Mean 


155 

9.0 

100 

23 

39 

23 

35 

17.2 

37 

12.3 

39 

12.3 

47 

12. 3 

35 

12.3 

r)0 

15.6 

50 

12.3 

39 

12.3 

31 

9.0 

27 

12.3 

27 

12.3 

27 

9.0 

24 

9.0 

24 

9.0 

24 

7.4 

24 

7.4 

24 

5.8 

24 

5.8 

24 

5.8 

24 

5.8 

24 

5.8 

27 

7.4 

27 

9.0 

24 

9.0 

24 

12.  3 

27 

12.3 

31 

12.3 

27 

12.3 

36. 8 

11.0 

14.7 
27.8 
27.8 
32.1 
25.6 
23.4 
23.4 
23.4 
27.8 
23.4 
23.4 
19.0 
19.0 
19.0 
14.7 
14.7 
14.7 
12.5 
10.3 
10.3 
10.3 
10.3 
10.3 
10.3 
12.  5 
14.7 
14.7 
19.0 
19.0 
19.0 
19.0 


18.2 


r>3 

30.2 

157 

32. 2 

113 

20.7 

113 

15.4 

113 

13.8 

95 

15.4 

104 

24.4 

113 

26.3 

13-1 

22. 5 

113 

32.2 

95 

26.3 

80 

15.4 

95 

1,3.8 

66 

12.3 

80 

12.3 

66 

13.8 

66 

10.8 

(K) 

10.8 

60 

10.8 

53 

13.8 

.53 

18.9 

53 

20.7 

53 

20.7 

53 

20.7 

73 

18.9 

95 

22. 5 

80 

20.7 

80 

22.5 

88 

26.3 

95 

28.2 

95 

28.2 

36.4 
41.1 
36.9 
34.7 
42.5 
40.6 
87.4 
62.7 
52.4 
44.2 
39.0 
35.0 
42.8 

;«>.  6 

33.6 
34.4 
30.8 
30.6 
28.5 
27.8 
2<>.  9 
44.2 
39.4 
49.8 
62.8 
82.6 
69.3 
62.6 
70.5 
72.5 
67.  H 


81.2 
80.8 
56.1 
61.2 
63.4 
60.6 
98.6 
84.3 
75.6 
77.8 
«i2. 2 
49.8 
45.5 
40.0 
37.2 
42.4 
39.0 
37.4 
34.7 
33.6 
,S2.2 
68.7 
50.3 
67.1 
81.2 

102 
92.6 
91.2 

114 

112 
94.1 


47.5 


66.4 


80 
•122 

92 
101 
106 
106 
186 
147 
128 
122 
101 

88 

88 

80 

80 

80 

80 

78 

73 

73 

73 
111 
101 
122 
177 
186 
154  ! 
147 
186 
186 


12 

68 

43.8 

37.9 

31.8 

31.8 

34.8 

31.8 

43.8 

37.9 

31.8 

28.9 

25.8 

22.7 


117 


752 
.160 
680 
530 
530 
480 
405 
530 
620 
590 
455 
405 
342 
363 
300 
283 
250 
250 
216 
250 
250 
216 
266 
283 
342 
430 
321 
363 
430 
506 
466 


ECONOMIC   GEOLOGY. 


57 


Table  2. — Daily  discharge  in  second-feet  of  various  streams,  etc. — Continued. 

SEPTEMBER. 


D*y. 

1 

1 

i 

1 

1 

r 

71.  n 
57,2 

n 

II 

1 

^ 

1-, ,,,,.,- - 

2 _., ..«. 

24 

24 

^4 

27 

27 
27 

12.  a 
n.% 
y.o 

9.0 

«,o 

f,0 
10 
12 

hO 
§0 

m 
so 

MS 

IS.  a 

17.1 
17.1 

lao 

20.7 
17,1 
17.1 
15.4 
17,1 
1&.4 
22.5 
36.  e 

8e.« 

m2 
20.2 
41.0 

30.  :i 

20.7 
32.2 

24.  i 
30.2 

m» 

24.1 
24. 1 
30.7 
1^.11 
22,5 
24. -1 

59 

r>0.2 
66,4 

•*-""■" 

3S4 

s,„„, *...*. 

Jt21 

4,__ 

321 

5,„, ,,,. -. 

mi 

0 ^ , ,, 

321 

7-.„,-.„...,- 

321 

n ^_, _.__, 

::::::::|:::::::: 

S21 

tt.. ..,-„. 

f 

,,. .  .1, **. ^,^ , 

ltH4 

10      .  .„.. -_.. 

321 

11, „ ,. 

M2 

12-    ..,..—.„ 

2,1^0 

13 ,.„, 



3,  IfiO 

H.        ,,.-..„.. - 

""'"'*1  "-  '-            - 

I  71M] 

IS , ^ 

"""■"I " 

K39a 

ie,„ ...L _ 

1 

3*020 

17.. _. J..,..,., 

: 

2  980 
1M2 

!»„,„„* - .— 

19 J.._ 

I.OtiO 

ao.,.„„,,„ 

' 

901 

n.    ....-„.... ....».„ 

942 

aa.,.. ,..._ .__.. 

90t 

:s _,.._.. ,.„ 

mo 

3i„_^ ,..„,-,*'.„,„., 

'm 

•J6.,,., „.._......„.,. 

oao 

as. ,„ „J„„ 

BBO 

CT*->.,. 

6aa 

as...... ,,..,.1 .,, 

680 

»_,_.., _... ..,.. 

7BB 

30. ...,. „ ,.. 

0^ 

Meun,.. 

I      25.6 

mo 

l&O 

B6.Sf 

24.0 

9M 

OCTOBKH. 


i 

j^^„                    Goldstream 
*^*>-                        Creek. 

Chatanika 
River  be- 
low mouth 
of  Poker 
Creek. 

860 
680 
590 
630 
505 
480 
455 
384 
300 

Day. 
10 

Goldstream 
Creek. 

Chatanika 
River  be- 
low mouth 
of  Poker 
Creek. 

1                  

20.7 
20.7 
24.4 
20.7 
20.7 
•20.7 
17.1 

232 

2 

1] 

384 

3                      

12 

590 

4             

13...::::::..:::::.::.::;: 

560 

5                              

14 

530 

6         

15 

(b) 

Mean 

8                   

20.7 

506 

9         

1 

«  No  records  for  remainder  of  season. 


*•  Stream  frozen  over. 
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Table  3. — Mean  run-off  at  i^ariouft  gaging  stations  in  the  Fairbanks  district,  1907. 


stations. 


Fish  Creek  above  Fairbanks  Creek 

Elliott  Creek  near  mouth  of  Sorrels  Creek 


Eleva- 
tion 

(feet). 


Drainage    Mean  mn-off  (second-feet  per  square 


SorrelH  Creek  near  mouth 

Little  Chena  River  above  mouth  of  Elliott 

Creek 

Gtoldstream  Creek,  lower  line  of  claim  6 

below 


Faith  Creek  near  mouth 

McManus  Creek  near  mouth 

Chatanika  River  near  Faith  Creek  . 


Kokomo  Creek  near  mouth 

Chatanika  River  below  mouth  of  Poker 
Creek 


925 

800 

800 

800 

880 

1,375 

1,375 

1,350 

750 

700 


area 

I  (square  ; :. 

I  miles).  I  June.     July. 

I  (22-31) 

39  1 0.577 

(22-31) 

13.8    1      .430 

(22-31) 

21    500 

I  (22-31) 

79  I ;       .624 

(20-30)  ; 

28.6       0.469         .542 
'(20-30)  ! 
51  ;      .794         .572 
(20-30) 

80  I       .356  !       .268 
;  (17-31) 

132 508 

(9-31) 

26 546 

(20-30) 
456         .500         .463 


mile). 


Aug.    I  Sept.        Oct. 


(I-IO)  1 

0.»44 

0.682    

(1-10 

.797 

.724    

(1-10)  1 

.867 

.762  1 

(1-10) 

1.08 

1.09    

;  (1-7) 

.700 

.826           .724 

.932 

.880 

.886 

! 

(1-14) 

1.60 

I     (1-14) 
2.09  j        1.11 


In  connection  with  these  investigations  the  following  rainfall  sta- 
tions were  established: 

Summit  Road  House  near  Pedro  Summit,  elevation  2,810  feet. 
Cleary,  elevation  1,000  feet. 

Chatanika  Ri\er  near  mouth  of  Poker  Creek,  elevation  730  feet. 
Chatanika  River  near  mouth  of  Faith  Creek,  elevation  1,400  feet. 

The  results  of  the  observations  taken  at  these  stations,  together  with 
other  records  kept  in  the  Tanana  and  Yukon  basins  in  1907,  are  as 
follows : 


Table  4. — Daily  rainfall,  in  inches,  at  stations  in  Fairbanks  district,  1907, 


.1 

§ 
1 

June, 
L 

1 

1 

July. 

it 

a 

s 

S 

AilgiMt. 

September. 

D»r. 

m 

1 

on, 

z 

S 

I 

0.T2 
,01 

_ 

1 

H 

L27 
.Oti 

5 

as 
1 

1 

si 

i 

1 

> 

■3 
1 
I 

J 

II 

r 

1 

I1I7 

a) 

0.49 
.10 

2          

0.02 

.12 

"J 
») 

o.or> 

,24 

.,.*,.'    Tr, 

3 

0.04 

0.09 

4 

.Utf 

.20 
.11 

,15 
AU 

urn  1  oaa 

5 



0.15 
.09 
.11 
.07 

.04 

.14  , ^ 

6 

"."35 
.01 

0.30 
.06 

.la 
■\oi" 

/£7 

.22 

7 

.30 
.09 

.14 

■'is' 

.71 

.11!  1       .01 

8 

.11  i    .tfi 

9 

0.15 


.4a  1     .33 

.22      .01 

10 

u 

.i5 
.05 

.02" 

.05 



.50 
.12 
.22 

"."36 
.05 
.24 
.0^ 

.47 
.09 
.  32 

'■.■i9' 

.•20 
.01 

.03 
.14 

.25 

fr. 

fiS 

12 

,11  1      ,«s 

13  .   ... 

.06 

.1)3 
.05 
.28 
.11 
.01 

? 

.01 

.80  L..-., 

14 

15 

.02 
.18 
.10 

.01 

.09 

" 

,07 
.04 

.65  1      .TO 

16 

.Ut 
.01 

1      .10 

17 

.09 

«  No  record. 
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Table  4. — Daily  rainfall,  in  inches,  at  stations  in  Fairbanks  district,  J907 — Con. 


mj. 

Jutie. 

July. 

AiJgnst. 

September. 

t*w. 

1 

s 

1 

1 

1 

tKoa 

1 
1 

4 

1 

§ 
1 

1 

^1* 

i 
1 

1 

i  i 

S 

4 
6 

r 

i 

J 

i 

:f 

IS 

0.09 

0.24 

-IS 

OA^ 

0.35 

0.12 

CKDS 

0.07 

0.01 

»„. „., 

'""* 

a},... 

.U 

,1* 

0.1& 
.15 
.16 
.37 

0.15 
.ait 

0.4D 

21  _. „ , 



0J9 

.■JO 
.13 
.OS 

.11 
.13 

,13 

.13 
,16 

'Ms 

.36 

.13 

ti _.... 

m ,,,, 

' 

.01 

.27 
.15 

31  _„ 

.25 
-IS 
.05 

.16 
,02 

.37 

,23        is 

25.-, ,„; 

.VI 

!»,_„, 

.12: 
.07 

.31 

2?,,. 

....._ 

21 

.3a 

.30 

.IS 

In 

.02 

.09 
,13 

2» ._,. 

3D ,.. 

,13 
.01 

"'.U 

.13 

.D6 
.1^ 

V.{ 

.39 

.30 

"■'" 

Total 

,85 

i.^r 

tM  1 

2.71 

a.fi6 

).«?     LSI 

3.*J7 

*Lm 

..-,-. 

...oc» 

.....J  :i.«2 

3.70 

Table  5. — Monthly  precipitation,  in  inches,  at  stations  in  drainage   basin  of 

Tanana  River,  1901. 


JaQ.a 

FetJ.« 

MtiT^a 

Apr.ii 

May. 

Jun«. 

July. 

Am. 

Sept. 

dewy ^^,...^,,>. „,-.,., 

a.  as 

3.82 

ChatatiiSE A  River,  De«r  Poker  Creek 

3.10 

ChatAni  ka  River,  Dear  Faith  Creek . .  ^ . . .  _  „ , 

■■"■ 

1.1*7 
%1\ 

3.00 
l.Sl 

Fairtmnkfl. 

S.30 

ase 

2.42 

D,ti» 

6.35 

1.47 

Auminit  (hiiAjlwaU>TH  TAnHLim) 

I.S 

.lU 

.40 

.SO 

2.1g 

•  Records  for  these  months  are  practically  10  per  cent  of  snowfall. 

Table  6. — Monthly  precipitation,  in  inches,  at  stations  in  drainage  basin  of 

Yukon  River,  1901. 


Oaatnl  Hoose .. 

rbertci^Je}! 


Betc^QQUtack . 
North  rtirfc.,,. 
Rampart....... 


Jiui^a 


l.(M 
i.iri 
1.45 
1.2rt  , 
2,08  I 
-12 

1.17 


Peb^  Mar.*! 

0.42     2.ri7 

.ft7       ,2H 

.20     0.0 

/n       .53 

.t*     4.4B 

.20       .27 

,^ 

.27 

.44 

1.17 

Apr.*!  May. 


0.9^  0.57 

. 15  2. 20 

.15  .*0 

0.0  .30 


Tr. 
Tr. 


;  I 


1.^ 

1  U 

.44 


June. 


2.21 


l.m 


2.tUl 


jQlft 


1.40 

L»a 

L4«S 
2.68 
3.73 
1.60 

■2.29 


Aug.  S«pi. 


2.79 
l.&« 
2.31 

2.14 

3.3S 


1.73 
'2'ii 


3.0 


•Records  for  these  months  are  practically  10  per  cent  of  snowfall. 
SALCHA  REGION. 

The  area  drained  by  streams  in  the  southeastern  part  of  the  Fair- 
banks quadrangle  has  been  under  investigation  by  prospectors  for 
several  years.    The  bed  rock  throughout  this  region  consists  essentially 
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of  schists,  gneiss,  crystalline  limestone,  some  greenstone,  serpentine, 
and  intrusive  hornblende  granite. 

Tenderfoot  is  the  only  creek  that  up  to  the  present  time  (1907)  has 
proved  productive.  Steamers  run  occasionally  from  Fairbanks  to 
the  mouth  of  Banner  Creek  and  supplies  are  thence  carried  by  pack 
train  a  distance  of  .about  3  miles  to  Tenderfoot  Creek.  The  creek  is 
only  about  6  miles  long  and  carries  probably  not  more  than  3  to  4 
sluice  heads  of  water.  It  flows  for  a  part  of  its  course  in  a  narrow 
channel  in  the  muck  15  to  20  feet  below  the  valley  floor,  which  is  a 
quarter  of  a  mile  or  more  wide  and  has  a  grade  of  about  100  feet  to 
the  mile.  There  are  remnants  of  a  bench  of  soft  deposits  in  partvS  of 
the  valley  just  to  the  west  of  the  creek  and  about  40  feet  above  it. 
The  valley  is  filled  with  deposits  ranging,  in  the  prospect  holes  that 
w^ere  being  sunk  in  1905,  from  48  to  120  feet  in  thickness.  The  over- 
lying muck  is  from  3G  to  80  feet  thick.  The  gravels  are  similar  to 
those  of  the  Fairbanks  region  and  comprise  quartzite  schists,  mica 
echist,  carbonaceous  schist,  feldspathic  schist,  and  granite. 

RAMPART  REGION. 
GENERAL   STATEMENTS. 

The  Rampart  region  (see  PI.  II)  is  about  80  miles  northwest  of  the 
Fairbanks  region,  and  all  the  creeks  of  present  economic  importance 
are  within  30  miles  of  the  Yukon  and  belong  to  the  drainage  systems 
of  both  the  Yukon  and  the  Tanana. 

The  region  has  passed  through  many  stages  characteristic  of  the 
life  of  a  placer  camp.  Some  of  the  creeks  were  prospected  as  early 
as  1893  and  were  active  producers  by  1896,  when  the  region  became 
of  equal  prominence  with  the  Fortymile  and  Birch  Creek  regions. 
Many  were  attracted  by  the  favorable  results,  and  during  the  winter 
of  1898-99  the  town  oi  Rampart,  the  suply  point  of  the  camp,  con- 
tained about  1,500  people.  After  the  preliminary  stage  of  pros- 
pecting and  the  subsequent  excitement  of  the  boom  days,  with  their 
excess  of  hopes  and  population,  the  camp  settled  down  to  the  labori- 
ous existence  of  an  average  producer,  influenced  from  time  to  time 
by  the  discoveries  of  gold  in  other  portions  of  Alaska  and  rewarded 
occasionally  by  discoveries  in  its  own  territory.  Discoveries  have 
recently  been  made  which  have  contributed  to  the  permanence  of  the 
camp  and  illustrated  the  possibilities  still  existing  in  a  region  which 
has  already  been  under  investigation  for  several  years.  The  intro- 
duction of  hydraulic  methods,  too,  entailing  the  expenditure  of  con- 
siderable capital,  has  given  further  importance  to  this  region, 

The  town  of  Rampart,  with  a  population  of  a  few  hundred,  is  on 
the  south  bank  of  the  Yukon,  170  miles  below  Circle  and  about  70 
miles  above  the  junction  with  the  Tanana,  at  a  point  where  the 
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Yukon,  after  pursuing  for  a  few  miles  a  southerly  course,  bends 
squarely  to  the  west  and  sweeps  in  a  deep  channel  past  the  hills 
which  bound  the  south  side  of  the  rather  open  valley.  A  narrow- 
terraced  slope  between  these  hills  and  the  river  is  picturesquely 
occupied,  along  the  water  front  and  the  hillside  in  the  background, 
by  the  irregular  collection  of  buildings  that  forms  the  town.  There 
is  an  air  of  importance  about  the  place,  and  it  possesses,  also,  a  kind 
of  dignity  which  the  pervasive  majesty  of  the  great  river  and  the 
vast  loneliness  of  the  country  through  which  it  flows  have  conferred 
upon  every  one  of  these  small  isolated  outposts  of  civilization. 
Conditions  in  the  Rampart  region  during  1906  **  were  as  follows : 

The  total  gold  output  of  the  Rampart  district  for  190C  is  estimated  to  have  a 
value  of  $270,000.  The  writer  is  indehted  for  valuable  information  to  Messrs. 
H.  F.  Thumm  and  K.  H.  Cha])man,  of  Rampart.  Mr.  Thunmi  states  that  about 
33  claims  were  worked  during  the  winter  of  190C  and  17  during  the  summer,  giv- 
ing employment  to  about  100  men  in  winter  and  about  twice  as  many  in  sum- 
mer.    New  creeks  not  producing  last  year  are  Boothby  and  Skookum. 

Three  hydraulic  plants  were  operated  during  part  of  the  summer,  one  each 
on  Hoosier,  Ruby,  and  Hunter  creeks.  The  Alaska  road  commission  has  begun 
the  construction  of  a  highway  from  Rampart  up  Big  Minook.  This  when  com- 
pleted will  materially  reduce  the  cost  of  all  mining  operations. 

Another  road  has  been  built  from  Baker  Hot  Springs  to  Glenn  Creek,  a  dis- 
tance of  24  miles,  by  Thomas  Manley,  a  large  owner  of  mining  property.  This 
road  aflFords  a  natural  outlet  to  Tanana  River  for  the  (ilenn  (^reok  region.  Mr. 
Manley  has  also  surveyed  a  ditch  line  from  Hutlinana  Creek  to  Thanksgiving 
Creek,  a  distance  of  15  miles.  If  the  scheme  is  carried  out  and  there  is  suffi- 
cient water  it  will  lead  to  extensive  mining  developments  in  the  Glei\!i  ('reek 
region.  It  is  of  interest  to  note  that  the  same  oiierator  has  imported  a  churn 
drill  for  prospecting,  the  first  in  the  district. 

Baker  Hot  Springs,  on  a  slough  about  0  miles  from  the  Tanana, 
was  rapidly  developing  during  190G  as  a  supply  point  for  the  (reeks. 
Since  all  the  common  vegetables  can  1x3  grown  there  it  has  become  a 
productive  center  of  supplies  for  both  the  Fairbanks  and  .the  Ram- 
part regions.  Twelve  acres  were  under  cultivation  in  the  vicinity  of 
the  hot  springs  and  about  50  acres  had  been  prepared  for  cultivation. 
Although  the  most  favorable  conditions  for  cultivation  prevail  in  the 
vicinity  of  the  hot  springs,  on  what  is  called  the  warm  ground,  where 
a  large  variety  of  vegetables  can  be  grown,  there  are  large  areas  of 
cold  ground  where  the  common  vegetables  like  cabbage,  beets,  rad- 
ishes, and  potatoes  can  l)e  grown  in  abundance. 

There  is  a  station  of  the  (lovernment  telegraph  line  at  Ramj^art 
and  another  at  Hot  Springs,  and  these  afford  communication  with 
other  portions  of  Alaska  and  the  outside  at  rates  which  are  low  in 
comparison  w4th  the  advantages  which  may  thus  be  secured. 

The  total  production  of  the  Rampart  region,  including  that  of  1900, 
is  approximately  $1,582,000. 

•  Brooks,  A.  II.,  Bull.  U.  S.  Geo!.  Survey  No.  314,  1907,  pp.  37-38. 
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During  1907  there  was  much  activity  on  the  southern  side  of  the 
divide  and  the  discoveries  on  Patterson  Creek  indicate  the  possibility 
of  another  productive  area. 

BED  ROC  it. 

Most  of  the  gold-producing  creeks  tributary  to  Minook  Creek  from 
the  east  head  in  areas  composed  of  slates,  quartzites,  feld^pathic 
quartzites,  chert,  and  sheared  chert  derivatives,  and  flow  in  the  lower 
parts  of  their  valleys  through  areas  of  greenstone,  which  are  largely 
tuffaceous.  The  schistose,  fine-grained  fragmentals,  alternating  with 
the  slates  and  quartzites,  form  the  greater  part  of  the  bed  rock  in  the 
valleys  of  the  streams  tributary  to  Baker  Creek.  The  same  rocks 
strike  northeastward  and  occupy  large  areas  in  the  valleys  of  the 
headwaters  of  the  Tolovana,  which  were  traversed  by  the  Brooks 
party  in  1902,  and  still  farther  in  the  same  direction  are  found  in 
the  White  Mountain  section.  There  is  no  essential  difference  in  the 
bed  rock  of  the  northern  and  southern  sides  of  the  divide  in  the 
Rampart  region,  except  that  the  greenstones  are  confined  mostly  to 
the  northern  side  in  the  lower  part  of  Minook  Valley  below  Florida 
Creek. 

ALLUVIAL    DEPOSITS. 

The  alluvial  deposits  of  the  Rampart  region  are  in  general  much 
shallower  than  those  of  the  Fairbanks  region.  They  include  muck  and 
underlying  gravels.  The  gravels  reflect  the  variety  of  the  bed  rock 
and  are  present  as  both  stream  gravels  and  bench  gravels.  The 
stream  gravels  are  composed  of  both  angular  and  subangular  mate- 
rial from  the  bed  rock  and  well-rounded  material  from  the  benches. 
Bowlders  at  some  localities  are  rather  common.  Bench  gravels  are 
of  common  occurrence,  and  much  of  the  mining  at  present  is  confined 
to  them.  In  this  respect  the  region  differs  from  the  Fairbanks  region, 
where  bench  gravels  are  the  exception.  The  bench  gravels  lie  at 
various  levels  up  to  000  feet  or  more  above  the  streams,  and  the  great- 
est thickness  that  has  been  determined  is  about  100  feet.  The 
material  is  both  fine  and  coarse  and  includes  a  large  proportion  of 
quartzite  pebbles.  The  pay  streak  of  the  pay  gravels  is  next  to  bed 
rock,  or  partly  within  it  when  this  is  blocky,  or  in  the  lowermost  few 
feet  of  gravel.  Prospects  have  l)een  found  at  several  localities  in  the 
high  bench  gravels  of  Minook  Creek,  but  the  distribution  of  gold  in 
these  gravels  has  not  been  determined.  In  the  Baker  area  the  pay 
of  a  part  of  the  bench  gravels  at  least  occurs  as  a  streak  similar  to 
that  of  the  creeks.  The  gold  is  mostly  well  worn  and  on  some  creeks 
is  associated  with  nuggets  of  silver. 
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SOURCE   OF   THE   GOLD.    • 

A  large  part  of  the  gold  in  the  stream  gravels  has  been  concen- 
trated from  the  bench  gravels.  The  occurrence  of  gold  has  not  been 
directly  traced  to  a  definite  relation  to  any  particular  bed  rock  or  to 
ihe  quartz  seams,  which  are  rather  common  in  the  slates.  Many  of 
the  dikes  are  more  or  less  mineralized,  and  some  of  them  are  reported 
to  carry  values.  Light-colored  acidic  dikes  like  those  of  the  P^orty- 
mile  region,  with  associated  quartz  veins,  were  not  observed  in  the 
Rampart  region.  The  slates  contain  generally  a  large  amount  of 
carbonaceous  matter,  and  anthracitic  material  is  common  in  some  of 
the  small  quartz  seams.  Pyrite  is  often  found  in  both  the  slates  and 
the  quartz  seams.  On  creeks  where  the  conditions  are  apparently 
least  complex  the  only  rocks  observed  were  carbonaceous  slates  and 
grits  with  quartz  seams,  which  occasionally  are  a  foot  or  more  in 
thickness,  and  the  monzonitic  intrusivcs  in  the  ridge  about  the  head- 
waters. Many  of  the  nuggets  have  a  considerable  quantity  of  quartz 
attached,  and  it  seems  probable  that  the  gold  has  been  derived  from 
the  small  quartz  seams.  The  only  general  fact  w^hich  seems  to  empha- 
size itself  is  that  the  occurrence  of  gold  in  quantities  of  economic 
importance  is  limited  to  an  area  w^iere  deformation  of  the  rocks  has 
been  intense  and  where  there  has  been  much  igneous  activity. 
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By  Frank  L.  Hess. 


GENERAI.  STATEMENT. 

The  placers  of  the  Rampart  region  were  studied  by  the  Survey 
party  for  ten  days  during  the  first  part  of  September,  1904.  Every 
working  claim  was  visited  except  those  on  Gunnison  Creek,  but  in  a 
number  of  cases  where  claims  are  worked  only  during  the  winter  the 
operators  could  not  be  seen.  Foot  traverses  were  carried  ove;-  the 
region  and  a  sketch  map  was  made  (PI.  II).  The  time  allowed  only 
a  hasty  reconnaissance,  though  if  it  had  been  possible  to  know  the 
dates  of  arrival  and  departure  of  the  boats  more  time  could  have 
been  put  upon  the  study  of  region.  The  miners  met  were  universally 
generous,  hearty,  and  hospitable,  ready  to  help  wheixever  possible 
with  information  or  otherwise,  and  the  work  was  thus  made  much 
more  effective  and  pleasant. 

The  placer  diggings  near  Rampart  may  be  grouped  according  to 
the  drainage  systems  to  which  they  belong.  The  three  general 
groups,  Minook  Creek,  Baker  Creek,  and  Troublesome  Creek,  are 
separated  by  a  divide  having  the  general  shape  of  a  Y  whose  stem 
runs  northeastward  between  the  Minook  and  Baker  Creek  drainage, 
whose  left  arm  runs  nearly  northward  from  Wolverine  Mountain, 
about  13  miles  southeast  of  Rampart  (PI.  II),  and  whose  right  arm 
runs  nearly  eastward,  from  the  eastern  base  of  the  mountain.  Be- 
tween the  arms,  extending  northward,  is  the  ''  Troublesome  country," 
as  the  region  surrounding  the  creek  of  that  name  is  known  from  its 
steep,  rocky  ridges  and  deep,  narrow  valleys.  Each  group  embraces 
only  the  diggings  located  on  the  creek  that  gives  the  group  its  name, 
or  upon  its  tributaries. 

In  the  Minook  Creek  group  most  of  the  gold-bearing  creeks  are  on 

the  east  side,  nearer  the  left-hand  arm  of  the  Y,  only  a  few  diggings 

being  on  the  west  side  of  the  creek.     In  the  Baker  Creek  group  the 

diggings  now  known  are  on  the  side  nearer  the  Y,  and  in  the  Trouble- 
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some  Creek  group  the  only  diggings  known  are  on  the  west  side  of 
the  creek,  on  branches  flowing  from  the  left  arm  of  the  Y.  The  ex- 
treme length  of  the  area  containing  known  gold-bearing  localities  is 
about  30  miles  and  its  greatest  width  is  about  12  miles,  the  total  area 
being  probably  less  than  350  square  miles. 

Winter  prospecting  is  being  done  on  Squaw  Creek,  a  tributary  of 
the  Yukon  about  the  size  of  Minook  Creek,  which  enters  the  river 
nearly  opposite  Rampart. 

The  first  placer  claim  in  the  Rampart  region  was  located  and 
worked  in  1896  on  Little  Minook  Creek  by  F.  S.  Langford,  though 
gold  had  been  previously  discovered  by  John  Minook,  a  Russian  half- 
breed,  who  seems  to  have  sluiced  out  a  small  amount  of  gold,  and  for 
whom  the  creek  was  named.  Some  prospecting  had  probably  been 
done  along  Minook  Creek  a  number  of  years  before.  Since  the  first 
systematic  work  in  1890  the  region  has  been  a  constantly  productive 
one.  Though  the  amounts  taken  out  hav^  not  been  so  large  as  those 
mined  at  places  in  the  Klondike  district  or  at  a  few  of  the  claims  near 
Nome,  yet  a  number  of  creeks  in  this  region  produce  a  fair  amount  of 
gold.  At  first  Little  Minook  and  Hunter  creeks  were  the  only  produc- 
ers, and  during  1897  no  new  ground  seems  to  have  been  found,  but  in 
1898  a  small  amount  was  taken  out  of  Quail  Creek.  Afterwards  gold 
was  discovered  upon  Little  Minook  Junior,  Hoosier,  Ruby,  and  Slate 
creeks  of  Minook  Creek  Valley.  Tn  the  meantime  prospecting  was 
carried  on  over  the  divide  on  the  south,  and  deposits  along  Baker 
Flats  were  discovered.  In  fact,  each  year  has  shown  some  new  source 
of  production,  and  it  seems  likely  that  more  may  still  be  found.  The 
output  to  the  fall  of  1904,  from  the  best  available  data,  was  $1,112,000, 
and  that  for  the  year  ending  at  the  same  tim6  was  about  $232,900. 

As  Rampart  lies  only  about  1  degree  south  of  the  Arctic  Circle,  the 
cold  of  winter  is  severe  and  the  open  season  is  comparatively  short. 
During  the  early  part  of  June  thawing  is  generally  so  far  advanced 
that  some  preliminary  work  and  sluicing  can  be  done.  Cold  snaps  are 
likely  to  make  the  work  intermittent  at  first,  but  the  latter  part  of 
June  and  all  of  July  and  August  can  bo  depended  upon  for  outside 
operations.  Frosts  are  likely  to  occur  the  first  part  of  September, 
though  mining  can  sometimes  be  carried  on  during  practically  the 
whole  month.  In  1904  the  sluice  boxes  froze  up  on  the  5th  of  Septem- 
ber, and  after  that  date  there  were  only  a  few  days  on  which  sluicing 
could  be  done. 

The  surficial  deposits  are  always  frozen,  and  the  limit  of  the  frozen 

ground  has  not  yet  been  reached,  but  there  are  channels  in  the  frozen 

gravels  through  which  water  circulates  freely  at  all  seasons.    Large 

masses  of  ground  ice  often  occur  in  the  muck,  though  none  are  found 

24304— Bull.  337—08 5 
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in  the  gravels.  The  depth  of  the  alluvial  deposits  sometimes  exceeds 
100  feet,  but  it  is  generally  less  than  one-fifth  of  that  amount. 

The  larger  part  of  the  mining  has  been  carried  on  by  drifting  and 
open  cuts,  depending  on  the  season  and  the  local  conditions,  but  dur- 
ing the  season  of  1904  two  hydraulic  plants  began  active  operations, 
and  two  more  were  under  construction.  Ordinarily,  wherever  the 
gold-bearing  alluvials  are  of  sufficient  depth  they  are  mined  by  drift- 
ing during  the  winter  and  the  dirt  taken  out  is  washed  in  the  spring. 
In  some  cases  the  presence  of  water  interferes  very  seriously  with  the 
drift  mining  and  renders  gravels  otherwise  workable  comparatively 
valueless.  Drifting  can  not  ordinarily  be  carried  on  in  the  summer 
time,  because  the  warm  air  melts  the  ground  and  causes  it  to  cave.  In 
thawing  the  ground  for  drift  mining  steam  points  have  generally 
superseded  wood  fires,  though  the  latter  are  still  sometimes  used. 

During  1904  wages  were  $5  and  board  for  a  10-hour  day.  This  is 
equivalent  to  $6.50  to  $9  a  day,  varying  with  the  locality.  The  men 
who  work  for  wages  are  generally  strong  and  healthy  and  render  a 
full  equivalent  for  their  pay. 

The  currency  of  the  country,  as  in  the  early  stages  of  most  placer 
camps,  is  gold  dust.  The  different  values  of  the  gold  from  the  differ- 
ent creeks  makes  the  fixing  of  the  price  at  which  it  should  pass  rather 
difficult,  and  the  result  is  that,  while  some  gold  passes  considerably  be- 
low its  value,  some  passes  at  more  than  it  is  actually  worth.  The  gold 
assays  from  $14.88  to  over  $19  per  ounce,  and  passes  at  $15.50  to  $18 
per  ounce. 

MINOOK  CREEK  GROUP. 

This  group  includes  the  placers  of  Minook  Creek  and  its  tributaries 
within  limits  of  5  to  13  miles  from  Rampart.  Most  of  the  diggings, 
and  much  the  richest  so  far  discovered  in  the  group,  are  upon  the 
east  side  of  the  valley,  and  none  have  been  found  in  the  main  valley 
above  the  mouth  of  Slate  Creek,  11  miles  from  Rampart. 

The  hills  are  generally  rounded  or  flat-topped.  The  valleys  are 
canyon-like,  with  steep  walls  500  feet  or  more  high,  and  benches 
are  prominent  features  of  the  topography.  The  larger  streams  have 
cut  their  valleys  down  to  a  grade  varying  from  40  to  80  feet  to  the 
mile.  The  watershed  of  Minook  Valley  is  narrow  on  the  west,  some- 
times not  over  a  half  mile  or  a  mile  wide,  and  is  probably  at  no 
place  over  4  miles  wdde.  On  the  east  it  is  5  to  7  miles  wide  through 
the  greater  part  of  the  length  of  the  creek. 

The  total  production  of  the  Minook  Creek  group  has  been  about 
$702,600,  of  w  hich  $75,500  was  produced  during  the  winter  of  1903-4 
and  $10,900  during  the  summer  of  1904,  making  a  total  for  the  year 
of  $86,400. 
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The  surficial  deposits  are  derived  from  the  country  rocks,  mostly 
slate,  quartzite,  and  greenstone,  and  reach  occasionally  a  depth  of 
over  100  feet,  though  usually  much  less  than  that,  and  there  is  gener- 
ally a  large  proportion  of  muck. 

MINOOK   CREEK. 

General  description. — Minook  Creek  empties  into  the  Yukon  just 
east  of  Rampart,  and  is  about  25  miles  long.  Near  its  mouth  it  is  a 
shallow  stream  50  or  60  feet  wide,  with  a  flow  of  possibly  200  second- 
feet  or  8,000  miner's  inches.  It  flows  in  a  northerly  direction  through 
a  deep  valley  whose  width  varies  from  a  few  hundred  feet  to  about 
a  half  mile.  The  creek  receives  a  number  of  large  tributaries  from 
the  east — ^Hunter,  Little  Minook,  Little  Minook  Junior,  Hoosier, 
Florida,  Chapman — and  a  number  of  creeks  whose  names  are  un- 
known. From  tBe  west  it  receives  Montana,  Ruby,  Slate,  and  (Iranite 
creeks  and  a  few  small  tributaries.  Granite  Creek,  about  17  miles 
from  the  Yukon,  is  the  largest  western  tributary,  carr}Mng  i)robably 
30  to  40  second- feet ;  Minook  Creek  carries  perhaps  40  to  50  second- 
feet  at  the  junction.  These  approximate  estimates  are  given  to  con- 
vey some  idea  of  the  comparative  sizes  of  the  streams. 

Aneroid  barometer  readings  by  Arthur  J.  Collier «  showed  a  de- 
scent of  about  760  feet  from  the  "  106  road  house,"  about  1^  miles 
above  Granite  Creek,  to  the  Yukon.  As  the  distance  is  about  18 
miles,  these  readings  indicate  a  gradient  of  about  42  feet  to  the  mile. 
In  the  next  3J  miles  above  he  noted  a  rise  of  240  feet,  showing  a 
gradient  of  about  68  feet  to  the  mile.  According  to  M.  E.  Koonce,* 
of  Rampart,  the  creek  has  a  fall  of  about  40  feet  in  the  vicinity  of 
the  mouths  of  Ruby  and  Slate  creeks.  Aneroid  barometer  readings 
of  L.  M.  Prindle  and  the  writer  showed  a  somewhat  higher  grade  for 
the  central  portion  of  the  creek.  It  seems  likely  that  Minook  Creek 
has  an  average  gradient  of  somewhat  over  40  feet  per  mile  from  the 
Yukon  to  Slate  Creek  and  a  somewhat  steeper  gradient  above  Slate 
Creek. 

Just  below  the  mouth  of  Slate  Creek  the  Minook  spreads  into  a 
number  of  branches  in  a  wide  gravel  flat.  This  flat,  which  is  typical 
of  many  Alaskan  streams,  is  probably  due  to  a  change  in  the  grade 
of  the  creek.  The  stream  here  is  unable  to  carry  the  gravels  of  the 
swifter  water  above,  and  so  spreads  them  upon  the  flat.  Here  are 
found  the  so-called  "  winter  glaciers,''  which  sometimes  last  through 
the  short  summers.  In  1004  a  quarter  or  half  acre  of  ice  still  re- 
mained when  the  September  frosts  occurred.  This  ice  owes  its  origin 
to  the  fact  that  the  channel  which  carries  the  water  is  greatly  con- 

•  rersonal  communication.  In  plving  aneroid  barometer  readlngR  their  lack  of  reliability 
is  recognised  in  all  cases. 

*  Personal  commnnlcation. 
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traded  by  freezing  in  the  fall.  The  resulting  hydrostatic  pressure 
cracks  the  ice  and  the  water  overflows  and  freezes.  This  process  is 
repeated  until  a  considerable  thickness  of  ice  is  accumulated. 

The  valley  is  V-shaped  in  cross  section,  and  the  eastern  slope  is 
often  benched,  while  the  western  is  more  abrupt  and  has  remnants 
of  benches  at  but  few  places.  Five  well-marked  benches  rise  at  irreg- 
ular intervals  above  the  floor  between  Little  Minook  Junior  Creek 
and  Hoosier  Creek  (fig.  3),  the  highest  of  which  is  about  500  feet. 
These  benches  are  features  of  much  importance  in  both  the  physiog- 
raphy and  economic  geology  of  the  region.  Important  gravels  cover 
the  highest  one,  which  lies  on  the  east  side  of  the  Minook  and  extends 
from  Hunter  Creek  to  about  a  mile  above  Florida  Creek.  It  will  be 
described  later.  A  small  remnant  of  the  same  bench  is  found  on  the 
north  side  of  the  mouth  of  Montana  Creek  and  another  on  the  north 
side  of  the  mouth  of  Ruby  Creek.  Other  remnants  are  found  on 
the  north  side  of  the  mouth  of  Chapman  Creek  and  at  a  point  about 


Fiu.  3. — Dla^ramraatic  sketch  of  Minook  Valley. 

4^  miles  above  the  Chapman  on  the  same  side  of  Minook  Creek. 
The  last  two  benches  show  no  gravel.  On  the  w^est  side  of  the  creek 
but  few  remnants  of  benches  are  found.  One,  about  50  feet  high, 
extends  to  a  little  above  the  mouth  of  Hunter  Creek,  and  is  probably 
an  extension  of  a  corresi^nding  bench  on  the  south  side  of  the  Yukon. 
It  seems  j^robable  that  all  of  the  benches  of  Minook  Creek  may  be 
more  or  less  closely  correlated  with  the  benches  of  the  Yukon.  In 
the  vicinity  of  the  mouth  of  Slate  Creek  is  a  bench  cut  in  the 
upturned  slates  and  thin-bedded  quartzites  to  a  depth  of  12  to  16  feet 
and  covered  by  4  or  5  feet  of  gravel  and  a  foot  or  more  of  ftiuck.  No 
gravel  has  yet  been  found  upon  the  benches  of  intermediate  height, 
but  further  investigation  may  show  its  presence. 

In  its  ui3[)er  course  the  creek  flows  somewhat  north  of  east  for  about 
2  miles,  and  here  the  topogi-ajJiy  of  its  valley  is  altogether  differ- 
ent from  that  of  the  lower  part.  The  north  side  is  a  long,  gentle 
slope  with  a  greater  rise  in  the  upper  part,  while  the  south  side  is 
steep  and  the  stream  flows  near  its  base.  The  asymmetry  of  this  part 
of  the  valley  is  repeated  in  Eureka,  Pioneer,  Hutlina,  Omega,  New 
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York,  California,  and  many  other  creeks  of  the  region  whose  valleys 
lie  in  parallel  or  nearly  parallel  directions. 

The  rocks  in  the  upper  part  of  the  valley  are  mostly  closely  fohled 
slates  and  limestones.  Garnetiferous  schists  occur  at  Ruby  Creek, 
and  greenstones  form  the  bed  rock  of  the  lower  valley  except  near  the 
mouth,  where  they  are  partly  covered  by  the  Kenai  rocks. 

The  alluvials  of  the  valley  are  said  to  be  10  to  12  feet  thick  and 
consist  of  the  usual  muck  (soil  mixed  with  much  vegetal  matter), 
peaty  soil,  and  gravel,  with  much  angular  debris  at  the  foot  of  many 
of  the  hillsides.  In  the  middle  part  of  the  valley  they  consist  of 
about  5  to  6  feet  of  muck  and  the  same  thickness  of  gravel.  The 
muck  thickens  toward  the  sides  Avhile  the  bed  rock  remains  about 
level.  The  gravel  deposits  are  derived  from  local  bed  rock  and  con- 
tain large  numbers  of  smoothly  rounded  quartzite  bowlders  from  a 
few  inches  to  3  feet  in  diameter,  whose  source  has  been  a  mystery  to 
many.  Some  of  these  bowlders  have  undoubtedly  descended  to  the 
present  creek  bed  from  the  high  benches  already  referred  to,  in  wiiose 
gravels  they  are  abundant. 

The  outcrop  of  quartzite  near  the  "  72  road  house  "  would  in  itself 
seem  sufficient  explanation  for  the  bowlders  below,  but  above  this 
point  the  thinner  quartzite  beds  have  added  many  more  to  the  stream. 
The  quartzites  are  so  hard  and  their  abrasion  is  so  slow  that  while 
the  other  rocks  wear  into  sand  and  small  pebbles,  or  decomj)ose  and 
are  swept  away,  the  quartzite  bowlders  remain  and  uuike  up  a  con- 
tinually larger  proportion  of  the  gravels. 

Mining. — Minook  Creek  has  not  produced  a  large  amount  of  gold. 
The  wide  valley,  large  stream,  and  heavy  gravels  have  made  mining 
difficult,  so  that  men  with  the  limited  means  of  the  ordinary  ])ros- 
pector  have  found  it  more  advantageous  to  work  the  smaller  streams. 
The  total  production  to  1904  is  placed  by  miners  of  the  region  at 
$9,900.  The  gold  produced  is  said  to  have  been  taken  from  the  cen- 
tral portion  of  the  valley,  partly  from  bar  diggings  and  2:)artly  by 
drifting,  but  in  general  the  gravels  do  not  seem  to  be  rich  enough  for 
working  by  pick  and  shovel  methods. 

Nothing  was  learned  of  the  ocurrencc  of  gold  in  the  gi'avels  of 
Minook  Creek  above  the  mouth  of  Slate  Creek,  except  that  colors 
have  been  found  throughout  its  length.  Below  the  mouth  of  Ruby 
Creek  colors  of  gold  are  said  to  have  been  found  in  the  gravels  of  a 
bench  on  the  west  side  of  Minot)k  Creek,  a  few  feet  above  the  present 
stream,  but  not  in  paying  quantity.  The  debris  here  is  largely  a 
carbonaceous  slate  somewhat  schistose  and  highly  impregnated  with 
pyrites.     An  assay  "  of  some  of  the  material  gave  a  trace  of  silver. 

Two  small  areas  worked  in  the  gravels  between  Ruby  and  Slate 
Creeks  are  said  to  have  given  values  of  about  $3  per  square  yard  of 
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bed  rock ;  another  small  area  is  said  to  have  given  $4  per  square  yard, 
and  nuggets  of  values  up  to  $90  are  reported  to  have  been  found.  The 
gold  is  stated  to  be  practically  all  upon  bed  rock.  The  width  of  the 
gravel  in  which  gold  is  found  is  not  known,  but  it  is  supposed  to 
occur  throughout  the  gravels  which  floor  the  valley  for  a  width  of 
half  a  mile. 

A  company  has  been  formed  to  hydraulic  this  portion  of  the  creek ; 
considerable  preliminary  work  has  been  done,  some  pipe,  lumber,  etc., 
were  on  the  ground  September  20,  1904,  and  a  large  amount  of  pipe 
and  other  supplies  for  the  company  were  brought  to  Rampart  by  the 
steamer  Susie  on  her  last  trip  up  the  Yukon  for  the  season. 

Several  schemes  were  on  foot  for  working  the  gravels  in  the  lower 
part  of  the  valley  near  the  mouth  of  Hoosier  Creek.  One  proposi- 
tion was  to  work  them  with  a  dredger,  and  another  with  power 
scrapers.  Little  was  learned  of  either  plan,  but  from  the  roughness 
of  the  bed  rock  dredging  would  seem  a  difficult  undertaking,  except 
in  the  limited  area  in  which  the  bed  rock  seems  to  be  the  Kenai 
sediments. 

HIGH   BENCH. 

The  high  bench  mentioned  on  the  east  side  of  Minook  Creek,  the 
most  prominent  feature  of  Minook  Valley,  needs  to  be  treated  here, 
as  on  its  gravels  depends  probably  in  large  measure  the  richness  of 
most  of  the  placers  of  the  Minook  region. 

This  bench,  starting  at  a  point  about  a  mile  above  the  mouth  of 
Ruby  Creek  and  about  9  miles  in  a  straight  line  above  the  mouth  of 
Minook  Creek,  continues  to  Hunter  Creek,  to  a  point  within  about 
3  miles  of  the  Yukon.  The  eastern  line  bounding  the  bench  runs 
about  N.  60°  E.,  so  that  between  Hunter  Creek  and  Little  Minook 
Creek  the  bench  has  a  width  of  between  2^  and  3  miles.  At  its  ex- 
treme eastern  side  the  bench  has  a  height  of  about  800  feet  above 
Minook  Creek,  and  it  slopes  toward  the  west  until  the  height  above 
the  stream  is  only  about  500  feet.  The  surface  of  the  bench  is  re- 
markably smooth  and  continuous  between  the  various  streams  that 
have  cut  across  it,  and  resembles  a  plain  through  which  deep  ditches 
have  been  cut.  It  seems  to  narrow  somewhat  and  crosses  Hunter 
Creek  at  the  mouth  of  "  47  Pup  "  continuing  in  a  northeast  direction 
toward  the  Yukon.  Although  the  writer  was  unable  to  follow  the 
bench  farther  than  Hunter  Creek,  miners  assured  him  that  they  were 
able  to  trace  it  beyond  in  a  northeast  direction  by  gravels  on  the 
surface. 

The  gravels  contain  chert,  diabasic  and  metamorphic  rocks,  vein 
quartz,  and  some  other  pebbles,  with  also  many  very  large  quartzite 
bowlders.     They  are  exposed  on  the  sides  of  the  valleys  of  the  differ- 
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ent  creeks  cutting  the  bench  and  have  rolled  down  into  the  present 
stream  beds  where  the  great  number  of  large  quartzite  bowlders  make 
considerable  trouble  for  the  miner. 

The  origin  of  these  gravels  has  been  puzzling  to  the  miners  and 
prospectors.  Their  great  width  and  depth,  their  position  so  far 
above  the  present  gravels  of  Minook  Creek,  and  the  presence  of  the 
great  quantity  of  heavy  quartzite  bowlders,  where  the  bed  rock  would 
afford  no  such  material,  have  made  it  seem  to  many  miners  necessary 
to  assume  that  some  larger  stream,  possibly  the  Yukon  itself,  once 
flowed  across  the  country.  This  view  received  some  support  from  the 
apparent  course  of  an  old  channel  either  toward  or  from  the  north- 
oast,  while  the  present  stream  flows  somewhat  west  of  north  from  the 
mouth  of  Hunter  Creek. 

The  data  at  hand  suggest  that  Minook  Creek  w^hile  flowing  toward 
the  Yukon  to  the  northeast  of  its  present  course,  when  the  land  stood 
at  a  lower  altitude,  had  formed  a  flood  plain  of  approximately  the 
dimensions  of  the  present  high  bench.  With  the  elevation  of  the  land 
along  the  Yukon,  the  effects  of  which  are  to  be  seen  over  hundreds 
of  miles,  the  mouth  of  Minook  Creek  may  have  been  raised  through 
local  variations,  its  grade  may  have  been  lessened,  and  the  former 
flood  plain  may  have  had  the  gravels  under  discussion  deposited  over 
it.  As  the  elevation  went  on,  the  creek  was  forced  to  the  west  and 
finally  found  a  new  outlet  to  the  Yukon.  The  elevation  continued, 
and  Minook  Creek  cut  downward,  leaving  its  gravels  on  a  bench 
above  it.  The  elevation  did  not,  perhaps,  proceed  steadily  but  peri- 
odically, and  thus  intermediate  benches  were  formed. 

The  smaller  creeks.  Hunter,  Little  Minook,  and  Hoosier,  all  give 
some  support  to  this  hypothesis.  By  reference  to  the  map  (PI.  II, 
p.  60)  it  will  be  noticed  that  each  of  them,  upon  reaching  the 
edge  of  the  bench  gravels,  sharply  changes  its  course  and  flows  west- 
ward through  the  high  bench.  In  the  case  of  Hunter  Creek  and 
Little  Minook  Creek  the  change  in  direction  amounts  to  about  a 
right  angle,  while*  with  Hoosier  Creek  the  angle  is  less  acute  but  still 
noticeable.  The  eastern  limit  of  the  bench  gravels  probably  marks 
the  mouths  of  the  various  streams  when  this  line  represented  the 
course  of  Minook  Creek.  As  the  course  of  Minook  Creek  was  shifted 
io  the  west  the  tributary  creeks  followed  under  the  influence  of  the 
same  force  that  shifted  the  larger  stream.  The  age  of  the  bench  is 
probably  Pleistocene,  as  is  shown  by  vertebrate  fossils  found  in  the 
gravels  of  Little  Minook  Junior  Creek,  which  seem  to  be  the  oldest 
gravels  of  the  streams  cutting  the  bench. 

Gold  has  been  found  in  the  bench  at  many  places,  and  between 
Little  Minook  Creek  and  Hunter  Creek  a  large  amount  of  prospecting 
has  been  done.    This  portion  of  the  bench  is  known  as  "  Idaho  Bar." 
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One  shaft  near  the  middle  of  the  divide  toward  their  eastern  edge  is 
said  to  have  shown  the  gravels  to  be  over  100  feet  thick.  Many  other 
prospect  holes  have  been  sunk  in  them  at  various  places,  and  tunnels 
were  run  above  Little  Minook  Creek  at  their  eastern  edge.  Three 
claims  upon  this  portion  of  the  bench  have  been  patented.  From  the 
bottom  of  one  prospect  hole,  between  Little  Minook  Junior  Creek  and 
Hoosier  Creek,  $27  was  reported  to  have  been  taken,  but  drifting 
failed  to  show  pay.  Above  Florida  Creek,  in  the  small  area  of  high 
gravels  known  as  "  Macdonald  Bar,"  prospect  holes  gave  colors  but 
no  pay.  Apparently  the  gravels  of  the  bench  are  nowhere  rich  enough 
to  pay  for  drifting,  although  if  it  were  possible  to  get  hydraulic 
water  to  them  cheaply  they  might,  perhaps,  be  worked  at  a  profit. 
The  aneroid  barometer  readings,  though  not  very  reliable,  suggest 
the  possibility  of  bringing  water  from  a  point  3  or  4  miles  above  the 
mouth  of  Granite  Creek  under  sufficient  head  to  work  at  least  a  part 
of  these  gravels,  if  prospecting  should  show  them  to  be  rich  enough 
to  warrant  the  expense. 

CREEKS  CUTTING  THE  HIGH  BENCH. 

Hunter,  Little  Minook,  Little  Minook  Junior,  Hoosier,  and  Florida 
creeks  cut  through  the  high  bench  just  described.  Of  these.  Little 
Minook  Junior  and  Florida  creeks  have  their  channels  in  large  part 
or  wholly  within  this  area,  while,  as  already  noted,  the  other  creeks 
lie  partly  outside  and  change  their  courses  noticeably  upon  reaching 
it.  The  three  longer  creeks  head  close  together  in  the  hills  which 
extend  northward  from  Wolverine  Mountain  and  divide  the  Minook 
drainage  from  that  of  Troublesome  Creek.  Their  valleys,  even  at 
the  heads,  are  so  steep  that  the  trails  leading  out  of  them  are  exceed- 
ingly difficult  to  travel. 

Hunter  and  Hoosier  creeks  not  only  have  had  a  sufficiently  large 
flow  to  cut  their  canyons,  but  they  did  it  quickly  enough  to  have 
since  had  opportunity  to  widen  them,  while  Little  Minook  Creek  with 
its  smaller  volume  has  not  yet  graded  its  valley  sufficiently  to  do  so 
much  side  cutting,  and  Little  Minook  Junior  and  Florida  creeks  lack 
much  of  having  cut  their  beds  down  to  grade. 

HUNTER   CREEK. 

General  description, — Hunter  Creek  is  the  first  tributary  of  any 
size  above  the  mouth  of  Minook  Creek.  It  is  betw^een  12  and  15 
miles  long,  carries  probably  a  little  over  40  second-feet,  and  flows  in 
a  steeply  walled  canyon-like  valley  through  its  whole  length.  In  its 
upper  7  or  8  miles  it  flows  almost  north  until  it  comes  to  the  line  of 
the  high  bench,  when  it  turns  at  a  right  angle  and  flows  west  to 
Minook  Creek. 
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Through  the  upper  part  of  its  course  it  is  a  crooked  stream  with  a 
narrow  V-shaped  valley,  probably  indicating  a  rejuvenated  drainage, 
while  at  its  turn  into  the  high  bench  the  course  becomes  almost 
straight,  showing  a  young,  rapidly  cut  valley.  It  has  but  one  tribu- 
tary below  the  bend — Dawson  Creek — entering  from  the  south  about 

4  nliles  above  the  Minook.  In  the  lower  part  of  the  valley  of  Hunter 
Creek  the  tw^o  sides  are  unlike.  On  the  south  side  the  upper  300 
or  400  feet  of  the  valley  wall  is  very  steep,  almost  precipitous.  The 
descent  then  becomes  gentler  and  forms  a  broad  bench  which  slopes 
easily  to  the  creek  where  it  ends  abruptly  with  a  face  15  to  40  feet 
high.  This  bench  is  probably  to  be  correlated  with  the  lowest  one  on 
Minook  Creek.     It  is  covered  with  gravel,  varying  in  thickness  from 

5  or  6  feet  to  15  feet,  and  with  muck  varying  in  thickness  from  1 
foot  near  the  creek  to  40  feet  or  more  near  the  hillside. 

The  creek  flows  tortuously  through  its  bench,  retaining  the  mean- 
ders it  had  before  the  bench  was  formed,  and  generally  is  close  to  the 
north  side  of  the  valley,  but  occasionally,  as  about  4  miles  above  the 
mouth,  it  wanders  toward  the  south  side,  cutting  away  most  of  the 
bench.  The  valley  has  a  grade  in  its  lower  part  of  75  to  80  feet  per 
mile. 

Gold  was  discovered  in  Hunter  Creek  Valley  by  William  Hunter 
(for  whom  the  creek  is  named)  in  1890,  at  a  point  about  IJ  miles 
above  the  mouth.  Few  definite  data  were  obtainable  concerning  the 
gold  production  of  the  creek,  but  it  is  believed  to  have  been  approxi- 
mately $24,000,  of  which  $8,000  was  produced  during  the  winter 
of  1908-4  and  $3,000  during  the  sununer  of  1904,  a  total  for  the  year 
of  $6,000.  Hunter  Creek  has  so  far  not  proved  to  be  a  rich  creek, 
though  gold  has  been  found  in  the  gravels  of  both  the  bench  and 
the  present  stream  bed. 

At  the  head  of  the  creek  the  bed  rock  is  mostly  Rampart  slate  and 
quartzite;  tuffaceous  greenstones  which  predominate  in  the  lower 
part  of  the  valley  are  overlain  near  the  mouth  by  Kenai  sandstones 
and  conglomerates.  The  tuffs  contain  some  rounded  pebbles,  and  a 
hole  228  feet  deep  was  sunk  in  them  under  the  impression  that  they 
belonged  to  the  frozen  mu(*k  and  gravels  of  the  creek.  The  rocks 
are  much  jointed  and  contain  many  small  veins  of  quartz  and  calcite. 
Pyrite  occurs  at  many  places. 

The  gravels  of  the  (Teek  are  2  to  12  feet  thick  and  are  mostly 
diabase,  slate,  and  chert  pebbles  from  the  bed  rock,  with  many  heavy 
bowlders  of  quartzite,  occasionally  reaching  3  feet  in  diameter.  These 
larger  bowlders  are  residuals  from  the  gravels  of  the  old  bench 
through  which  the  valley  is  cut.  Much  of  the  diabase  gravel  is 
angular  or  subangular.  The  muck  over  the  gravel  varies  in  thickness 
from  1  foot  in  places  along  the  stream  to  40  feet  or  more  where  the 
small  streams  pour  their  debris  upon  the  valley  floor. 
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Mining, — During  the  summer  of  1904  work  was  being  done  on  Dis- 
covery claim,  about  l\  miles  above  the  mouth  of  the  creek;  and  on 
No.  17,  a  claim  about  4  miles  above  the  mouth.  Several  claims  •be- 
tween these  were  being  prospected. 

On  Discovery  claim  a  flume  2,000  feet  long,  30  inches  wide,  and  20 
inches  deep  carried  water  to  a  bench  about  16  feet  above  the  creek. 
The  bench  was  covered  by  5  to  G  feet  of  gravel  and  over  this  was  1  to 
4  feet  of  muck.  The  muck  and  gravel  were  practically  all  sluiced 
off,  and  the  loose  bed  rock,  in  which  the  gold  is  found  to  a  depth  of 
about  18  inches,  was  shoveled  into  sluice  boxes.  The  bed  rock  is 
partly  a  diabase  and  partly  a  much-folded  brown,  cherty  shale  stand- 
ing on  edge.  The  large  bowlders  were  moved  by  hand.  Three  men 
ground-sluiced  an  area  75  by  150  feet  in  thirty  days.  The  gold  is 
mostly  bright,  smooth  "  pumpkin  seed,"  with  a  few  small  rough 
pieces  (PL  III).  A  considerable  amount  of  small  barite  pebbles  and 
some  hematite  occur  in  the  concentrates. 

On  claim  No.  17-A  a  hydraulic  plant  was  installed  during  the  sea- 
son of  1904.  About  a  mile  of  combined  ditch  and  flume  had  been 
put  in,  about  3,000  feet  of  which  w  as  flume,  32  by  18  inches,  deliver- 
ing 300  inches  of  water  under  a  head  of  about  75  feet.  A  No.  1 
Hendy  Giant  wnth  a  3-inch  nozzle  was  being  used. 

In  working  the  ground  the  niggerheads  and  moss  are  torn  up  with 
a  team  and  harrow  and  washed  off  with  the  nozzle.  The  ground  is 
then  left  for  a  week,  during  which  time  the  muck  will  thaw  1  to  2 
feet.  This  is  then  washed  off.  The  process  is  repeated  until  the  top 
is  removed.  The  remaining  gravel  thaws  much  more  rapidly 
than  the  muck.  It  is  found  that  the  gravel  can  thus  be  thawed  and 
made  ready  for  sluicing  much  faster  than  a  hydraulic  giant  working 
steadily  can  wash  the  gravel  into  the  sluice  boxes.  In  one  instance 
an  area  of  125  by  250  feet  was  worked  out  in  40  days.  The  gravels 
are  2  to  12  feet  thick,  averaging  about  6  feet,  and  are  covered  by  1  to 
40  feet  of  muck.  The  maximum  thickness  was  found  at  the  mouth 
of  a  small  tributary  gulch  where  the  gravel  is  mixed  with  angular 
fragments  of  rock.  The  muck  contains  much  ground  ice,  which 
thaws  readily  when  hydraulicked.  The  ice  occurs  occasionally  as 
"  dikes."  One  such  was  encountered  over  400  feet  long  and  2  feet 
thick,  intersecting  the  surface  layer  of  muck  and  a  flat  lenticular  mass 
of  ground  ice  down  to  the  gravel,  making  a  depth  of  12  to  15  feet. 

The  gold  is  found  through  the  lower  3  feet  of  gravel  and  in  the 
rough  broken  bed  rock,  which  is  made  up  of  diabase  and  thin-bedded 
quartzite.  It  is  bright  and  smooth,  and  nuggets  up  to  10  ounces  in 
weight  have  been  found.  There  is  a  small  amount  of  rougher  gold. 
Colors  of  gold  are  said  to  occur  throughout  the  length  of  the  creek, 
but  no  workable  deposits  have  been  found  above  the  eastern  limit 
of  old  gravels  on  the  high  bench  already  described.     The  larger  part 
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[  41.  Gold  from  Ditcoveiy  claim^  Hunter  C'eiiU. 
\hy  N»tJv«  ailv«rfrorri  Clairr,  Mo.  10  aboy^.  SJjite  Creek. 
Ir  Gi>td  from  Shirley  Bar 

Itf.  Qi'l'd  from  Claim  No.  1  afeKiife,  TfrniPiksgl-yiPig  Ctftek^ 
pr  Gold  f'om  Cltim  Mo,  3  bIBOv^.  Thanksgiving  CrAttk. 
/<  Gold  from  Clsi'fi  No.  1  \  abOifL    Om«'g4  Creek, 


ff.  Gold  ifrom  $«tHl9  Bar, 

A,  Gold  from  Discovery  clarrr,  Oofic  Cr««k, 

/,  Gold  from  Whal  Ch&et  B«r, 

i\  GchUi  trciin,  Craim  No  B  ibav^.  Little  Winook  Creek. 
,  Gold  fiom  C^a«ml  Mo.  3  below,  Little  Mihook  Creek. 
Iv  GoM  frcifTi  Cla  m  No.  4  fee  low.  Little  M^r,ook  Croek. 
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of  the  gold  has  probably  been  reconceiitrated  from  this  bench.  The 
smaller  portion  of  rough  gold  has  probably  a  local  source  in  the 
rocks  of  the  creek  valley.  Drifting  is  done  in  the  winter  at  a  num^ 
ber  of  places  on  the  creek,  but  little  information  could  be  obtained  as 
to  results. 

LITTLE    MINOOK    CREEK. 

General  description. — Little  Minook  Creek  empties  into  Minook 
Creek  about  6  miles  from  the  Yukon  and  about  1^  miles  above  the 
mouth  of  Hunter  Creek,  and  has  so  far  been  the  largest  producer  of 
the  region.  In  drier  years  it  carries  scarcely  a  sluice  head  of  water. 
It  has  a  grade  of  100  feet  or  less  per  mile  in  the  lower  3-mile  section 
to  which  all  the  mining  has  been  confined,  and  its  course  is  remarka- 
ble in  being  nearly  parallel  to  Hunter  Creek,  though  considerably 
shorter,  as  it  has  a  length  of  only  about  8  miles.  Like  Hunter  Creek 
it  makes  a  sharp  bend  upon  entering  the  high  bench  about  3  miles 
from  Minook  Creek.  Above  this  bend  Little  Minook  Creek  has  a 
maturer  character,  as  shown  by  the  more  crooked  valley  and  greater 
number  of  tributaries,  while  in  its  course  through  the  bench  it  has  a 
straight  sharply  V-shaped  valley  which  has  been  cut  to  a  depth  of 
500  to  700  feet,  and  is  so  narrow  that  for  over  three  months  of  the 
winter  the  sun  can  not  be  seen  from  the  bottom  of  the  valley.** 

The  creek  follows  closely  the  southern  side  of  the  valley  through 
its  lower  3  miles,  and  mostly  the  western  side  above  this.  It  seems 
likely  that  the  greater  accumulation  of  talus  on  the  north  side  of  the 
creek  is  due  to  the  greater  amount  of  sunshine  it  receives,  rasulting  in 
a  greater  amount  of  breaking  down  of  bed  rock  by  alternate  freezing 
and  thawing. 

Gold  was  first  discovered  upon  the  creek  in  the  early  nineties  by 
John  Minook,  who  is  reported  to  have  taken  out  some  gold  near  the 
mouth  of  the  creek.  The  first  claim,  however,  was  located  and  worked 
by  F.  S.  Langford  in  1896,  since  which  time  the  creek  has  been  worked 
continuously.  The  total  production  of  the  creek  is  calculated,  from 
the  best  ascertainable  figures,  to  be  $486,100,  of  which  $40,000  was 
taken  out  during  the  winter  of  1903-4  and  $2,900  during  the  summer 
of  1904,  making  the  output  for  the  season  of  1904  $42,900. 

Little  Minook  Creek  heads  among  slates  and  quartzites  cut  by  small 
decomposed  acid  dikes.  A  little  over  a  mile  below  the  head,  the  creek 
is  crossed  by  a  belt  of  clayey,  nonfossiliferous  limestone,  accompanied, 
as  is  often  the  case  with  the  Rampart  rocks,  by  green  fine-grained 
slates.  Below  this  there  is  an  indistinct  series  of  interbedded  quartz- 
ites, cherts,  siliceous  shales,  and  some  sandstones,  all  greatly  contorted 
and  accompanied  by  large  masses  of  greenstones  which  form  probably 
the  larger  part  of  the  bed  rock  of  the  lower  valley.    At  the  foot  of  the 
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valley  walls  the  exposure  of  igneous  rocks  seems  to  be  greater  than  in 
their  upper  parts ;  that  is,  erosion  seems  to  have  exposed  larger  masses 
of  igneous  rocks.  Small  veins  of  quartz  and  calcite  occur  in  the  rocks, 
but  none  of  great  extent.  The  rocks  of  the  valley  have  a  considerable 
impregnation  of  iron  pyrites,  the  oxidation  of  which  has  stained  them 
the  familiar  rusty  brown  of  iron  oxide. 

The  placer  deposits  are  all  in  the  stream  bed.  The  valley  has  been 
cut  down  so  quickly  that  no  bench  deposits  have  formed.  The  alluvial 
deposits  of  Little  Minook  Creek  vary  in  thickness  from  7  to  25  feet, 
of  which  gravel  forms  3  to  12  feet,  and  muck,  though  occasionally 
absent,  generally  3  to  10  feet.  The  deposits  are  shallowest  in  the 
lower  part  of  the  creek.  The  gravels  contain  fragments  of  many 
rocks,  of  which  diabase  is  probably  most  abundant,  but  slate,  grit,  and 
much  vein  quartz  also  occur,  and  there  are  many  large  quartzite 
bowlders  from  the  bench  above.  Much  of  the  gravel,  as  would  be 
expected  in  a  weak  stream,  is  subangular. 

In  the  gravels  mammalian  bones  are  said  to  be  found,  although 
none  were  seen  by  the  writer.  In  places  clear  ice  is  uncovered  in 
digging,  the  structure  of  the  alluvium  showing  how  sudden  floods  had 
drifted  detritus  over  the  ice  in  the  spring,  and  had  thus  preserved  it. 
Locally  there  is  much  wood  in  the  nnick. 

Occurrence  and  character  of  the  gold, — Values  are  found  in  the 
lower  part  of  the  gravels  through  a  thickness  of  1  to  3  feet,  and  a 
width  of  50  to  200  feet.  The  gold  frequently  occurs  in  the  bed  rock, 
particularly  the  broken  diabase,  to  a  depth  of  1  to  2  feet.  The  pay 
streaks  extend  up  the  creek  only  as  far  as  the  creek  has  cut  through 
the  high  bench  gravels,  a  distance  of  about  3  miles.  There  are  sixteen 
1,000-foot  claims  within  these  limits. 

The  creek  has  been  well  prospected  throughout  its  length,  and 
although  colors  are  found  there  is  no  pay  above  the  line  of  the  high 
bench.  A  small  amount  of  gold,  in  which  were  some  large  nuggets, 
has  been  found  in  the  gulclies  leading  from  the  high  bench.  The 
amount  of  gold  carried  by  the  gravels  varies  greatly,  but  in  the  jDay 
streak  prol)al)ly  runs  from  $2  to  $10  per  square  yard.  The  gold  is 
generally  smooth,  chunky,  and  bright  (PI.  Ill,  j,  k),  and  shows  a 
large  amount  of  wear.  In  the  upper  part  many  nuggets  are  found 
weighing  1  to  12  ounces  apiece,  but  the  gold  gets  finer  downstream 
until  near  the  mouth  it  is  nearly  all  flat,  smooth,  bright,  and  even  in 
size,  looking  like  golden  bran  when  seen  in  (juantity.  There  is  a  very 
small  amount  of  rough  gold,  probably  of  Iwal  origin,  but  the  larger 
part  is  probably  reconcentrated  from  the  old  bench  gravels  of  Minook 
Creek.  The  gold  of  the  creeks  cutting  this  bench  is  said  to  assay  over 
$19  per  ounce.  This  would  make  it  of  about  the  same  value  per 
ounce  as  the  Koyukuk  gold.     The  gold  is  taken  in  trade  by  the  stores 
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at  $18  per  ounce.  Some  small  nuggets  of  copper  and  a  small  amount 
of  silver  have  been  found  with  the  gold. 

Mining. — Most  of  the  claims  are  worked  by  drifting  in  the  winter, 
though  the  three  lower  ones  are  worked  during  the  summer  by  open 
cuts.  On  the  latter  the  muck  and  gravel  are  first  ground-sluiced  off 
within  1  or  2  feet  of  bed  rock  by  means  of  a  dam  provided  with  an 
automatic  gate,  and  the  remaining  gravels  are  afterwards  shoveled 
into  the  sluice  boxes.  The  drifted  pay  gravels  have  often  been  "  coy- 
oted  "  or  "  gophered ;  "  that  is,  holes  have  been  sunk  here  and  there 
without  system  until,  although  there  is  probably  much  pay  still  left, 
the  ground  is  frequently  almost  unworkable  on  account  of  the  ice 
in  the  old  holes  which  floods  the  new  workings  when  thawed  by  a 
steam  point.  A\Tien  workings  are  filled  with  water,  the  mass  is  said 
to  freeze  on  the  top,  sides,  and  bottom,  while  the  central  part  remains 
unfrozen  through  several  years.  Much  of  the  ground  is  worked  on 
"  lays  "  or  leases,  the  lessees  paying  from  25  to  55  per  cent  of  the 
gross  output,  an  amount  that  is  apt  to  leave  the  worker  little  for  his 
labor  if  things  do  not  run  very  smoothly.  Freight  rates  are  2  cents 
per  pound  in  winter  and  4  cents  per  pound  in  summer. 

The  remaining  gold  in  Little  Minook  Creek  would  seem  to  be  best 
recovered  by  working  the  claims  in  cooperation  as  one  company,  for 
it  is  certain  that  some  of  the  richer  claims  can  no  longer  be  profitably 
worked  by  drifting.  The  quickest,  but  an  initially  expensive,  mode 
of  working  would  be  to  hydraulic  the  gravels  by  bringing  water  from 
Minook  Creek.  A  ditch  10  miles  in  length  above  the  mouth  of  Little 
Minook  Creek  would  probably  give  a  head  of  over  100  feet  and  plenty 
of  water  at  the  upper  limit  of  the  pay  gravels^  A  way  requiring 
less  capital,  but  much  slower,  and  the  one  that  will  likely  be  car- 
ried out  in  the  end,  is  the  ground-sluicing  of  the  claims,  successively, 
from  the  mouth  of  the  creek  upward,  by  means  of  dams  and  auto- 
matic gates,  but  as  the  claims  belong  to  different  parties,  some  of 
whom  are  unwilling  to  sell,  there  will  probably  be  only  a  small 
amount  of  work  carried  on  along  the  creek  for  a  number  of  years  to 
come. 

LITTLE    MINOOK    JUNIOU    CREEK. 

General  description. — Little  Minook  Junior  Creek,  between  Little 
Minook  and  Hoosier  creeks,  is  a])out  2 J  miles  long.  Its  valley  lies 
wholly  within  the  high  bench  of  Minook  Creek.  It  is  a  weak  stream, 
generally  dry  during  the  summer,  and  rarely  parries  a  sluice  head  of 
water.  With  a  valley  of  hard  rocks  it  has  not  l^een  able  to  cut  its 
bed  down  to  the  depth  nniched  by  the  larger  tributaries  of  Minook 
Creek.  In  the  lower  half  the  grade  of  the  creek  is  torrential  and  tlie 
valley  is  narrow  with  steep  sides.     In  the  upper  half  the  grade  is 
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much  easier  and  the  valley  is  wider  with  gentler  slopes,  especially  on 
the  north  side.  The  rocks  of  the  valley  are  the  same  as  along  Little 
Minook  Creek.    The  lower  part  is  entirely  in  diabase. 

The  total  output  of  the  creek  was  estimated  by  Donald  McLean  at 
about  $150,000,  and  the  output  for  the  year  1904  at  about  $17,000. 

The  steep  grade  of  the  lower  part  of  the  creek  has  allowed  little 
accumulation  of  alluvium,  but  in  the  upper  part  the  deposits  have 
reached  a  depth  of  12  to  30  feet,  of  which  gravel  forms  the  lower  4 
or  6  feet.  The  gravels  are  angular  and  largely  composed  of  diabase 
with  well-washed  quartzite  bowlders  from  the  bench  gravels  through 
which  the  stream  has  cut. 

In  the  gravels  are  many  bones  of  bison,  musk  ox,  mammoth,  and 
horse.  A  very  fine  specimen  of  the  skull  of  Bison  alleni^  with  the 
shell  upon  the  horns,  was  taken  out  of  Donald  McLean's  claim, 
No.  25,  near  the  head  of  the  creek,  by  Mr.  McLean  and  Thomas 
Evans.  This  is  the  only  specimen  of  this  species  that  has  been  re- 
ported from  Alaska.  It  was  carefully  removed  and  is  now  in  the 
National  Museum  at  Washington.  Some  teeth  obtained  by  C.  W. 
Peck  from  gravel  next  to  bed  rock  on  the  same  claim  and  referred  to 
Dr.  T.  W.  Stanton  for  identification  were  called  by  him  "  horse  teeth 
of  Pleistocene  or  more  recent  age." 

Mining. — There  are  29  500-foot  claims  upon  the  creek,  numbered 
from  the  mouth  upward,  the  upper  9  or  10  of  which  are  said  to  have 
paid  wages  or  more  upon  working.  The  pay  streak  is  30  to  60  feet 
wide  and  1  to  6  feet  thick,  averaging  probably  3  feet,  but  gold  is 
sometimes  found  through  the  whole  thickness  of  the  gravel.  The 
gravels  were  reported  to  carry  $10  per  square  yard  on  one  claim, 
which  is  probably  the  highest  value  on  the  creek,  the  values  on  other 
claims  running  down  to  amounts  too  small  to  pay  for  working. 

The  gold  is  similar  to  that  of  Little  Minook  Creek,  mostly  smooth 
and  bright  with  a  little  that  is  rough.  It  is  generally  coarse  and 
chunky,  nuggets  sometimes  reaching  3  ounces  in  weight.  The  larger 
part  of  the  gold  is  undoubtedly  recon  cent  rated  from  the  high  bench 
of  Minook  Creek.  The  small  amount  of  rough  gold  has  probably  had 
its  origin  in  the  bed  rock. 

The  gravels  have  been  mined  by  drifting  with  steam  points,  but 
advantage  was  taken  of  the  wet  season  of  1904  and  some  ground 
sluicing  was  done  in  gravel  and  muck  10  feet  thick.  Trees  and  brush 
in  the  lower  part  of  the  creek  were  cleared  away  in  preparation  for 
further  ground  sluicing.  The  cost  of  mining  by  drifting  is  50  per 
cent  OF  more  of  the  output,  but  as  there  is  so  little  water  it  has  been 
the  only  feasible  mode  of  work.  The  creek  is  considered  to  be  nearly 
worked  out. 
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HOOSIER   CREEK. 

» 

Hoosier  Creek  flows  into  Minook  Creek  from  the  east  side  between 
5  and  6  miles  from  the  Yukon.  It  is  a  stream  of  about  the  same 
volume  as  Hunter  Creek  and  has  a  valley  of  about  the  same  gradient 
and  general  section,  but  it  shows  no  sign  of  the  bench  that  appears 
along  Hunter  Creek.  Like  Hunter  and  Little  Minook  creeks,  its 
course  bends  to  the  left  upon  entering  the  area  of  the  high  bench  of 
Minook  Creek,  although  in  a  less  degree. 

The  production  of  Hoosier  Creek  is  unknown.  There  is  assigned 
to  it  but  $500  in  a  previous  report,  $227  of  which  was  in  one  nugget. 
Other  small  amounts  have  been  taken  out,  but  the  production  has 
not  been  large,  and  it  has  been  almost  impossible  to  thoroughly  pros- 
pect the  creek  on  account  of  live  water  in  the  gravels. 

The  bed  rock  is  similar  to  that  of  the  other  creeks  cutting  the 
bench.  Quartz  veins  up  to  18  inches  in  width  occur  in  the  diabase, 
and  there  is  some  pyrite  distributed  through  the  rocks.  The  alluvial 
deposits  vary  in  thickness  from  6  to  15  feet,  of  which  1  to  9  feet  is 
gravel,  averaging  probably  about  G  feet,  and  1  to  10  feet  is  muck, 
averaging  perhaps  6  or  7  feet.  There  is  thought  to  be  a  pay  streak 
about  100  feet  wide  whose  length  coincides  with  the  distance  the 
creek  flows  through  the  high  bench,  but  the  gravels  of  the  valley  are 
broader  than  those  of  the  other  creeks  described,  and  with  the  live 
water  the  pay  is  hard  to  locate. 

Two  miles  above  the  mouth  of  the  creek  a  hydraulic  plant  has  been 
installed  and  had  just  gotten  in  shape  to  begin  work  at  the  end  of 
the  season  of  1904.  A  combined  ditch  and  flume  4,300  feet  in  length 
delivered  500  miner's  inches  of  water  under  a  head  of  about  80  feet. 
A  hydraulic  elevator  is  used  to  dispose  of  the  tailings. 

FLORmA    CREEK. 

Florida  Creek  is  only  about  2  miles  long,  lying  in  the  high  bench 
of  Minook  Creek  about  2  miles  south  of  Hoosier  Creek.  Ordinarily 
it  is  dry  during  the  summer  and  fall.  The  gradient  of  the  stream  is 
high  and  the  valley  narrow.  The  bed  rock  is  almost  entirely  of 
diabase.  The  alluvial  deposits  are  narrow,  but  in  places  reach  a 
depth  of  15  or  20  feet.  Nuggets  up  to  $33  in  value  have  been  taken 
from  the  creek,  but  so  far  as  known  not  more  than  a  total  of  $2,000 
has  been  obtained,  though  the  stream  has  been  well  prospected.  The 
first  prospect  showed  up  so  well  that  miners  at  once  located  the  whole 
of  the  creek,  and  a  number  of  good  cabins  were  erected  on  the  different 
claims.  Some  ground  sluicing  was  done  on  the  lower  part  of  the 
creek  during  the  season  of  1904,  but  no  other  work  was  done. 
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ORIGIN   OF   THE   GOLD. 

The  great  difference  in  the  richness  of  the  several  creeks  flowing 
through  the  high  bench  of  Minook  Creek,  and  the  variation  in  the 
richness  of  claims  and  size  of  nuggets  on  the  same  creek  within  the 
limits  of  the  bench,  show  that  the  gold  is  not  evenly  distributed 
through  the  gravels  of  the  bench.  Thus  Hunter  Creek  has  so  far 
shown  no  rich  claims,  while  Little  Minook  Creek  has  been  very  rich 
in  places,  and  along  the  latter  the  gold  is  very  coarse  on  the  upper 
claims  but  grows  much  finer  toward  the  mouth  (PI.  Ill,  j,  k,  and  1), 
showing  that  probably  the  larger  part  of  the  gold  in  the  lower  portions 
of  the  stream  has  been  washed  down  from  the  upper  claims.  The  gold 
in  the  bench  gravels  was  probably,  concentrated  from  local  gold-bear- 
ing zones  in  the  rocks  worn  away  above  the  level  of  the  high  bench. 
How  great  a  thickness  of  these  rocks  was  disintegrated  and  carried 
away  can  not  be  told,  but  there  may  have  been  many  hundred  feet. 
The  rocks  were  probably  the  same  as  those  now  forming  the  bed  rock. 
The  gold  in  the  bench  gravels  is  said  to  be  well  worn,  but  gold  found 
in  the  gravels  of  a  stream  as  large  as  Minook  Creek  is  generally  well 
worn,  and  in  this  case  we  have  no  clue  as  to  the  length  of  time  through 
which  wearing  may  have  continued. 

OTHER  TRIBUTARIES  OF  MINOOK  CREEK. 
RUBY   CREEK. 

Ruby  Creek  flows  into  Minook  from  the  west  side  about  9  miles 
from  the  Yukon.  It  is  a  stream  carrying  800  to  500  miners'  inches 
(7.5  to  12.5  second-feet)  of  water,  with  a  grade  of  about  150  feet  per 
mile  in  tlie  lower  part.  In  this  part  the  valley  is  broadly  V-shaped, 
with  steeply  sloping  sides.     The  upper  part  w^as  not  seen. 

The  first  pay  was  taken  out  of  the  creek  in  1901,  and  the  total  prod- 
uct is  said  to  have  been  $18,000  or  $14,000,  although  this  estimate 
may  be  a  little  high.  About  $5,000  was  reported  during  1904.  No 
pay  has  been  found  above  H  miles  from  the  mouth  of  the  creek,  but 
it  is  claimed  that  no  holes  have  been  sunk  to  bed  rock  on  account  of 
the  live  water  in  the  gravel. 

The  bed  rock  is  the  calcareous  schist,  garnetiferous  mica-schist,  car- 
bonaceous slate,  chert,  and  grit,  intruded  by  greenstones  (diabase?). 
The  bedded  rocks  strilvc  almost  north  and  south  across  the  creek  with 
the  dip  downstream  (east).  The  alluvial  deposits  are  0  to  10  feet 
thick  and  800  to  500  feet  wide.  In  some  places  there  is  almost  no 
muck  and  nowhere  is  its  depth  more  than  about  4  feet.  The  gravels 
are  5  to  7  feet  in  thickness  and  the  total  thickness  of  muck  and  gravel 
is  6  to  10  feet,  averaging  nearer  the  lower  figure.     No  large  chert  or 
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quartzite  bowlders  are  seen,  as  in  the  creeks,  cutting  the  high  bench. 
There  are  some  gneiss  pebbles,  which  indicate  the  probable  presence 
of  gneiss  on  the  creek.  The  gravel  is  comparatively  fine  but  contains 
a  few  bowlders  a  foot  or  more  in  diameter. 

The  gold  is  all  on  bed  rock  and  is  distributed  through  the  whole 
width  of  the  gravels.  The  only  gold  seen  came  from  a  point  about 
one-half  mile  above  Minook  Creek.  It  was  somewhat  iron  stained 
and  in  general  rougher  than  the  gold  of  the  creeks  cutting  the  high 
bench.  The  larger  pieces  were  very  smooth,  but  the  smaller  pieces 
were  rough  and  most  of  the  gold  is  rather  flat.  The  gold  is  said  to 
be  rougher  in  the  claims  below.  Nuggets  up  to  about  2  ounces  in 
weight  are  obtained.  In  the  concentrates  with  the  gold  are  large 
quantities  of  garnets  that  sometimes  reach  1  inch  in  diameter.  A 
handful  of  garnets  was  obtained  from  a  pan  of  dirt.  There  are  so 
many  of  them  that  they  give  considerable  trouble  by  filling  up  the 
spaces  in  the  riffles  and  must  be  cleaned  out  once  or  twice  a  day.  Some 
barite  is  said  to  be  present,  and  an  occasional  silver  nugget  appears, 
one  weighing  2  ounces  having  been  reported.  The  silver  nuggets  are 
very  rough. 

It  seems  likely  that  the  origin  of  the  gold  is  in  the  local  bed  rock, 
which  along  this  part  of  the  creek  is  a  carbonaceous  slate  of  irregular 
cleavage.  In  places  much  pyrite  is  distributed  through  it.  The  creek 
has  been  worked  during  the  summer  by  open  cuts  and  in  winter  by 
drifting,  but  it  has  probably  paid  little,  if  anything,  more  than  wages. 
Preparations  were  being  made  to  install  a  hydraulic  plant,  and  a  mile 
of  steel  pipe,  consisting  of  720  feet  each  of  20,  19,  18,  17,  16,  15,  and 
14  inch  pipe  with  branches  of  11-inch  pipe  for  an  elevator,  and  7-inch 
pipe  for  a  giant,  was  to  be  put  in.  It  was  said  that  it  would  deliver 
the  water  under  a  head  of  154  feet. 

SLATE   CREEK. 

Slate  Creek,  a  western  tributary  of  Minook  Creek,  about  12  miles 
from  Yukon  River,  is  about  4  miles  long  and  is  said  to  always  carry 
at  least  a  sluice  head  of  water.  It  has  a  grade  in  the  lower  portion  of 
about  150  feet  to  the  mile,  and  the  valley  is  narrowly  V-shaped. 

The  creek  has  been  worked  only  since  1902.  Freights  from  Ram- 
part are  8  cents  per  pound  in  summer  and  4  cents  per  pound  in  winter. 

The  bed  rock  in  the  lower  part  is  much-folded  shaly  limestone, 
green  and  purple  slates,  and  cherty  beds,  with  a  northeast  strike.  The 
main  rock  of  the  valley  is  a  dark  carbonaceous  schist  which  breaks 
into  pencil-like  fragments  and  contains  many  quartz  seams.  Most 
of  the  work  has  been  done  nearly  2  miles  above  the  mouth  by  drifting 
in  the  winter.     The  deposits  here  are  r6  feet  thick. 

24304— Bull.  337—08 G 
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Gold  is  found  in  as  much  as  3  feet  of  gravel  and  to  a  depth  of  li 
feet  in  bed  rock  and  over  a  width  of  50  feet.  An  $8  piece  is  the 
coarsest  thus  far  taken  out.  Silver  is  a  common  associate  (PL  III, 
b)  5  and  an  8-ounce  nugget  has  been  found.  Copper  is  also  said  to  oc- 
cur in  the  gravels.  The  absence  of  garnets  indicates  that  the  schists 
of  Ruby  Creek  do  not  extend  into  the  valley.  The  gold  in  this  case 
has  probably  been  derived  from  the  small  stringers  common  in  the 
bed  rock.      ^ 

THK  BAKER  CREEK   GROUP. 

GENERAL  DESCRIPTION. 

The  Baker  Creek  diggings  are  situat>ed  from  28  to  32  miles  by  trail 
almost  south  from  Rampart,  and  occupy  a  narrow  belt  with  a  north- 
east-southwest extension  of  about  9  miles.  Along  Baker  Creek  itself 
there  have  been  no  placers  discovered  so  far,  all  at  present  known 
being  on  the  tributaries  flowing  from  the  divide  separating  the  Minook 
and  Troublesome  drainages  from  that  of  Baker  Creek.  The  principal 
diggings  are  located  along  Pioneer,  Eureka,  Glenn,  Gold  Run, 
Omega,  and  Thanksgiving  creeks. 

The  topography  is  strikingly  different  from  that  of  the  other  two 
areas.  Baker  Creek  flows  along  the  southwestern  side  of  a  large  flat, 
7  to  9  miles  broad  in  its  widest  part,  and  perhaps  10  miles  long,  its 
longer  extension  being  northeast-southwest  in  the  line  of  flow  of 
Eureka  and  Hutlina  creeks.  Instead  of  sharp  canyon-like  valleys 
the  streams  flow^  througli  open  valleys,  and  where  they  flow  in  gen- 
eral parallel  to  the  Baker-Minook  divide — that  is,  approaching  a 
northeast-southwest  or  an  east-w^est  direction — the  southern  bank  is 
steep,  while  the  northern  one  is  gently  sloping,  the  creeks  flowing 
close  to  the  steeper  side.  Even  along  the  broad  Baker  Flats  this 
feature  is  still  prominent.  The  north  side  is  a  long  gentle  slope 
toward  the  divide,  rising  more  sharply  in  its  upper  part,  while  across 
the  flats  the  southern  side  may  be  seen  rising  abruptly  from  the  valley 
floor. 

The  main  streams  of  the  Baker  Creek  gold  area  are:  Eureka  Creek, 
lying  next  to  the  Baker-Minook  divide,  flowing  southwesterly  for 
about  5  miles,  then  turning  to  the  south;  Pioneer  Creek,  flowing 
parallel  to  Eureka  between  1  and  2  miles  to  the  southeast  and  joining 
it  on  Baker  Flats;  Rhode  Island  Creek,  flowing  in  a  southerly  direc- 
tion, about  li  miles  west  of  Eureka  Creek ;  and  Omega  Creek,  in  the 
western  part  of  the  gold  area.  Into  these  creeks  flow  all  of  the 
smaller  creeks  of  the  area  along  the  Baker-Minook  divide.  The 
streams  are  all  small,  many  of  the  smaller  ones  being  ordinarily  dry 
during  the  summer  and  fall.  The  gradient  of  the  larger  streams  is 
comparatively  low  and  it  is  with  difficulty  that  water  is  carried  to  the 
benches. 
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The  only  practical  trail  to  and  from  the  Baker  Creek  area  is  from 
Rampart  along  Minook  Creek,  a  trail  that  in  most  parts  of  "'  the 
States  "  would  be  considered  practically  impassable  during  the  sum- 
mer time.  Most  of  the  way  it  is  soft  and  miry.  The  pack  hoi*ses 
sometimes  sink  to  their  girths,  floundering  and  wallowing  their  way 
through.  As  a  choice,  there  is  the  bed  of  Minook  Creek  along  which, 
if  the  creek  is  not  too  high,  the  horses  can  make  their  ^^^^y  on  the  bars 
and  through  the  icy  water ;  but  at  best  this  trail  is  hard  on  the  ani- 
mals. The  foot  traveler  can  not  take  the  creek  bed,  and  if  he  carries 
a  pack,  as  he  often  does,  he  must  make  his  way  along  the  mucky  trail. 
Over  this  trail  all  provisions  for  the  camps  are  carried.  Freight  rates, 
until  the  summer  of  1904,  were  25  cents  a  pound  in  summer  and  0  cents 
in  winter,  and  it  is  said  that  one  man  had  to  pay  freight  on  47  jiounds 
of  ''gi'ub"  and  53  pounds  of  box  and  packing  at  the  higher  rate. 
During  the  summer  of  1904  freight  rates  came  down  to  15  cents  a 
pound,  but  the  packers  declared  they  could  nuike  nothing  at  that 
rate,  and  this  is  probably  true,  as  hay  and  oats  when  cheapest  are  $100 
a  ton.  There  is  another  trail  to  the  mouth  of  Baker  Creek,  but  it  is 
said  to  be  bad  and  is  not  used.'^ 

Lumber  is  high,  most  of  it  being  shipped  from  the  States  of  the 
Pacific  slope.  Some  is  whip-sawed  along  Baker  Creek  in  the  winter, 
which  costs  about  20  cents  a  foot,  board  measure.  It  would  seem 
that  a  small  sawmill  operated  through  a  portion  of  the  year  would 
be  a  paying  investment,  as  there  is  said  to  be  plenty  of  timber  along 
Baker  Creek  for  local  needs. 

The  total  production  of  the  region  is  estimated  to  have  been  about 
1406,100,  of  which  $84,700  was  produced  during  the  winter  of  1908-4 
and  $61,300  during  the  summer  of  1904.  These  figures  are  probably 
under  rather  than  over  the  actual  amount. 

Gold  was  discovered  in  the  Baker  Creek  area  on  Eureka  Creek, 
where  mining  was  begim  during  the  winter  of  1898-99  and  a  small 
amount  was  taken  out.  On  (jlenn  Creek  gold  was  discovered  in  July, 
1901,  on  the  benches  along  Pioneer  Creek  in  1902,  on  Thanksgiving 
Creek  in  February,  1003,  and  other  discoveries  were  made  during  the 
summer  of  1004.  Prospecting  is  in  active  progi'ess  in  other  valleys 
of  the  vicinity,  and  it  is  altogether  possible  that  new  discoveries  may 
be  made. 

The  rocks  of  the  Bak(»r  Creek  gi'ouj)  show  less  variety  than  those  of 
the  Minook  Creek  group.  In  the  gold-bearing  region  the  rocks  are 
schistose  grits  with  interbedded  slates  and  with  quartzites,  the  lat- 
ter in  thin  strata,  generally  1  to  8  feet  thick.  Both  slates  and  schis- 
tose beds  are  generally  carbonaceous.  The  strike  is  northwest  and  the 
dip  about  vertical.     No  igneous  rocks  occur  except  along  the  top  of 

•During  1907  and  1908  a  wagon  road  was  being  built  by  the  Government  from  Ram- 
part up  the  Minook  Valley  to  connect  with  the  Baker  Creek  region. 
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the  'divide,  where  there  are  some  dikes  and  masses  of  a  monzonitic 
rock.  Quartz  occurs  generally  only  in  small  veins,  and  these  are  not 
prominent.  In  places  there  is  a  considerable  amount  of  pyrite  in  the 
rocks  in  small  crystals  and  grains,  but  no  large  masses  or  veins  have 
been  seen. 

THE  CREEKS  AND  BENCHES. 
EUREKA    CREEK. 

General  description, — Eureka  Creek,  on  which  gold  was  first  dis- 
covered in  this  area  (in  February,  1899),  flows  south  westward  along 
the  foot  of  the  Baker-Minook  divide.  It  runs  in  a  straight  southwest 
course  for  about  4^  miles,  then  turns  and  runs  south  2^  miles  to  its 
junction  with  Pioneer  Creek.  It  has  a  number  of  small  tributaries 
from  the  northwest  side,  but  none  from  the  southeast.  The  largest 
is  Boston  Creek,  about  2  miles  long,  which  joins  Eureka  Creek  at  its 
bend.  The  other  tributaries  are  mere  rills.  Eureka  is  a  small  creek 
carrying  barely  a  sluice  head  of  water  above  the  mouth  of  Boston 
Creek  during  the  ordinary  seasons.  From  aneroid  barometer  read- 
ings the  gradient  of  the  stream  is  about  100  feet  per  mile.  The  valley 
slopes  gently  to  the  divide  on  the  northwest  side,  but  on  the  southeast 
side  the  slope  is  almost  precipitous,  rising  400  to  600  feet  above  the 
valley.    The  creek  flows  close  to  the  foot  of  the  steeper  side. 

The  gravels  of  the  creek  are  not  much  worn,  as  is  characteristic  in 
weak  streams,  and  have  been  left  for  a  considerable  distance,  in 
places  at  least  500  feet,  up  the  slope  of  the  hill  as  the  stream  bed  has 
moved  to  the  southeast.  The  bench  gravels,  like  those  of  the  present 
stream  bed,  are  made  up  entirely  of  the  country  rocks.  The  deposit 
varies  in  thickness  from  5  to  18  feet,  and  the  overlying  muck  varies 
from  nothing  to  8  feet,  the  distribution  being  rather  irregular.  The 
total  thickness  varies  from  5  to  20  feet.  The  gravel  contains  a  con- 
siderable amount  of  very  sticky  clay,  which  makes  sluicing  difficult. 
The  clay  seems  to  come  from  the  decomposition  of  both  the  grit  and 
the  slates. 

Mininy. — Only  one  claim  above  and  one  below  the  mouth  of  Boston 
Creek  have  so  far  been  made  to  pay,  but  prospectors  on  the  bench 
gravels  about  2  miles  above  the  mouth  of  Boston  Creek  reported  that 
they  had  found  gold  in  sufficient  quantities  to  pay  for  ground  sluicing, 
if  not  for  drifting.  •  On  this  part  of  the  bench  it  is  8  feet  to  bed  rock 
near  the  creek,  and  450  or  500  feet  back  from  the  stream  it  is  20  feet. 
The  elevation  above  the  creek  at  this  distance,  as  shown  by  the  aneroid 
barometer,  is  70  feet. 

The  gold  is  said  to  be  in  the  lower  18  inches  of  gravel  and  in  a  foot 
of  bed  rock.  Along  the  creek  the  bed  rock  is  largely  blocky,  and  in  it 
gold  is  found  to  a  depth  of  3  feet ;  but  it  is  not  found  at  such  depths 
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where  the  bed  rock  decomposes  into  clay.  The  gold  may  be  distrib- 
uted through  the  gravels  to  a  depth  of  4  or  5  feet,  but  it  is  generally 
close  to  bed  rock,  which  must  be  scraped. 

The  larger  part  of  the  mining  has  been  done  by  drifting,  but  on 
Discovery  claim,  just  below  the  mouth  of  Boston  Creek,  an  open  cut 
is  being  worked.  The  muck  and  upper  gravel  are  ground  sluiced 
through  sluice  boxes,  so  as  to  save  any  fine  gold  that  may  be  in  them, 
and  the  lower  gravel  is  shoveled  in.  Fifty-seven  12- foot  boxes  are 
used,  37  of  which  contain  pole  riffles  and  2  contain  Hungarian  riffles. 
The  lower  boxes  are  lined  with  sheet  iron  to  facilitate  the  movement 
of  the  gravel.  Some  gold  is  probably  carried  otif  by  the  sticky  clay  in 
spite  of  the  length  of  the  sluice  box. 

PIONEER  CREEK. 

General  description. — Pioneer  Greek  heads  against  the  Baker- 
Minook  divide,  flows  around  the  head  of  the  Eureka,  and  then,  at  a 
distance  of  1  to  2  miles,  flows  parallel  to  the  main  course  of  that  creek. 
After  traversing  7  or  8  miles  it  joins  Eureka  Creek  and  they  are  said 
to  lose  themselves  on  Baker  Flats.  Pioneer  Creek  is  larger  than 
Eureka  Creek ;  probably  it  never  carries  less  than  three  or  four  sluice 
heads  of  water,  and  its  gradient  along  its  lower  course  is  about  60 
feet  per  mile.  The  valley  is  similar  to  that  of  Eureka  Creek.  Its 
northwest  side  is  a  gentle  slope  running  back  for  about  a  mile,  and 
the  southeast  side  is  of  almost  precipitous  steepness,  but  not  so  high. 

On  the  gentle  slope  of  the  northwest  side  there  are  perceptibly 
flatter  places  or  benches,  but  only  one  of  these  is  persistent.  This 
bench  is  traceable  along  Pioneer  (Veek  for  over  4  miles.  Its  north- 
east end  is  but  little  above  the  present  level  of  the  creek  while  its 
southwest  end  is  about  250  feet  above  the  creek.  Over  this  bench  and 
covering  much  of  the  slope  below  is  a  deposit  of  auriferous  gravel 
left  by  the  creek  as  it  moved  to  the  southeast.  The  different  diggings 
upon  it  are  known  as  "  bars.'' 

Five  small  tributaries,  Doric,  Boothby,  Seattle  Junior,  Skookum, 
and  Joe  Bush,  flow  across  this  bench  at  right  angles  to  the  course  of 
Pioneer  Creek.  Near  the  upper  end  of  the  bench  at  Joe  Bush  Creek 
prospect  holes  showed  a  well-defined  old  stream  channel.  Upstream 
the  bench  rises  so  that  a  ditch  supplying  water  to  What  Cheer  Bar 
is  below  the  workings  at  Seattle  Bar,  but  crosses  the  bench  and  is  on 
the  upper  side  when  it  reaches  What  Cheer  Bar.  There  can  l)e  no 
doubt  that  the  bench  is  of  stream  origin. 

Like  many  other  Alaskan  creeks  Pioneer  Creek  was  staked  and 
then  each  man  waited  for  his  neighbor  to  do  the  hard  work  necessary 
to  locate  the  pay  streak,  if  there  was  one.  Meanwhile  the  claims 
lapsed  and  were  then  restaked  by  other  parties,  and  pay  was  discov- 
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ored  on  What  Cheer  Bar  in  1902.  After  this  discovery  pay  was 
found  on  Doric  Creek  and  at  several  other  points  along  the  bench. 

The  production  of  Pioneer  Creek  Valley  to  the  end  of  the  summer 
of  1904  was  about  $35,800. 

The  bed  rock  is  the  same  as  on  Eureka  Creek,  schistose  grit, 
with  interbedded  slates  and  thin  beds  of  quartzite.  The  grits  some- 
times become  very  carbonaceous,  particularly  on  Doric  Creek.  The 
general  strike  of  the  rocks  is  N.  70°  or  75°  E.,  with  a  steep  northerly 
dip.  There  is  some  quartz  in  small  veins  and  stringers,  and  on  Doric 
Creek  at  places  there  is  considerable  pyrite  distributed  through  the 
rocks.  The  pyrite  is  often  oxidized,  so  that  only  small  holes  lined 
with  iron  rust  indicate  its  former  presence.  On  Doric  Creek  in- 
chisions  of  a  carbonaceous  substance  the  size  of  a  walnut  occur  with 
small  quartz  seams.  Little  is  known  of  the  alluvial  deposits  along  the 
creek  bed.  The  deposits  on  the  gentle  slope  already  referred  to  are  8 
to  12  feet  thick.  They  consist  of  the  usual  muck  and  gravel,  and  ex- 
tend over  2,000  feet  back  from  the  creek. 

What  Cheer  Bar, — What  Cheer  Bar  is  located  in  the  lower  part 
of  Pioneer  Creek  Valley,  about  a  mile  from  Eureka  Creek,  2,000  feet 
from  Pioneer  Creek,  and  250  feet  above  the  latter.  The  season  of 
1903  was  spent  in  putting  in  about  4  miles  of  ditch,  with  the  neces- 
sary flumes.  This  ditch  carries  about  three  sluice  heads  of  water  to 
the  upper  edge  of  the  workings.  The  ground  is  excellent  for  ditch- 
ing, compared  with  other  Alaska  localities,  for  there  is  little  ground 
ice  and  the  soil  is  tenacious  enough  to  make  good  banks.  The  bed 
rock  is  much  jointed  and  broken  and  exhibits  fine  examples  of  creep, 
the  rock  leaning  downhill  and  gradually  blending  with  the  gravels. 

The  average  depth  to  bed  rock  is  about  12  feet.  The  overlying 
material  is  composed  of  1  to  1^  feet  of  muck,  3  feet  of  rather  fine 
flat  wash,  5  feet  of  medium-sized  yellowish  gi'avel,  and  3  to  4  feet  of 
rather  heavy  wash,  including  some  bowlders  of  vein  quartz  2  feet  or 
more  in  diameter.  There  are  some  bowlders  of  conglomerate  similar 
to  that  found  in  Quail  Creek,  in  Troublesome  Valley,  and  it  is  prob- 
able that  beds  of  it  outcrop  on  the  headwaters  of  Pioneer  Creek. 
Most  of  the  gold  is  found  in  the  lower  part  of  the  gravels  and  the 
upper  1  or  2  feet  of  bed  rock.  It  is  well  worn  and  bright  (PI.  Ill,  i), 
and  probably  is  derived  from  the  bed  rock  in  the  vicinity.  The 
largest  nugget  found  weighed  somewhat  less  than  2  ounces  and  was 
worth  $28.  It  contained  considerable  (juartz.  The  gold  is  taken  in 
trade  at  $15.50  per  ounce. 

The  muck  and  upper  gravel  are  ground  sluiced  and  the  lower  gravel 
and  upper  bed  rock  shoveled  in.  The  water  could  not  be  used  until 
August  15,  and  only  fifteen  days  were  available  for  washing.  Fifteen 
men  were  employed. 
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Seattle  Bar, — Seattle  Bar  is  about  2^  miles  farther  northeast  on  the 
same  bench,  on  the  northeast  side  of  Seattle  Junior  Creek,  and  about 
the  same  distance  back  from  Pioneer  Creek  as  What  Cheer  Bar.  Pay 
was  discovered  here  in  the  spring  of  1904.  The  depth  to  bed  rock 
is  about  9  feet  and  the  bed  rock  and  gravel  are  similar  to  those  of 
What  Cheer  Bar.  The  gold  occurs  in  the  lower  foot  of  gravel  and 
the  upper  foot  or  more  of  bed  rock.  It  is  bright,  chunky,  and  well 
worn.  Some  of  it  is  rather  flat,  but  all  is  easily  saved.  The  largest 
nugget  obtained  was  worth  $9.40.  Water  is  obtained  for  sluicing 
by  a  ditch  and  hose  from  Skookum  Creek,  which  in  a  dry  year  will 
furnish  but  a  scant  supply. 

Doric  Creek. — Doric  Creek  is  a  small  tributary  of  Pioneer  Creek 
about  three-fourths  mile  al)ove  What  Cheer  Bar,  and  is  dry  most  of 
the  summer  and  fall.  It  has  an  open  valley,  at  its  greatest  depth 
probably  not  over  50  feet  below  the  level  of  the  bench.  Gold  was 
discovered  here  in  1902,  and  in  the  w  inter  of  1908-4  a  portion  of  the 
valley  about  one-fourth  mile  from  Pioneer  Creek  was  found  to  be 
very  rich.  As  with  other  weak  streams  its  wash  shows  almost  no 
wear,  but  there  is  also  a  large  amount  of  more  rounded  gravel  from 
the  bench  through  which  it  has  cut. 

Only  one  claim  has  produced  much  gold.  Some  pay  was  found  on 
the  lower  part  of  the  next  claim  above,  but  none  in  the  upper  part. 
The  richness  of  the  deposit  is  probably  due  to  the  reconcentration  of 
the  gold  from  the  gravels  of  the  bench.  The  ground  is  worked  by 
drifting  during  the  winter,  and  the  largest  bowlders  are  left  in  the 
drifts.  It  is  worthy  of  note  that  a  large  degree  of  the  success  ob- 
tained in  locating  this  claim  was  attributed  to  the  remarks  upon 
concentration  in  the  Survey  report  on  the  Nome  region,**  which  apply 
with  much  force  to  many  of  the  deposits  of  the  Rampart  region. 

Other  bench  gravels, — A  mantle  of  gravels  similar  to  that  which 
covers  the  gentle  slope  on  the  northwest  side  of  Pioneer  Creek  bends 
around  a  spur  from  the  divide  on  the  west  side  of  Eureka  Creek  and 
continues  to  Omega  Creek,  a  distance  of  about  2^  miles.  Beyond  this 
point  it  has  not  been  traced.  In  the  space  described  the  gravels  are 
cut  by  Glenn  Creek,  (lold  Run,  Rhode  Island  Creek,  and  Seattle 
Creek. 

SHIRLEY    BAR. 

The  bench  gravels  have  l)een  prospected  at  many  places  and  shown 
to  carry  gold,  but  at  only  one  point  outside  of  the  creeks  crossing  them 
have  they  proved  sufficiently  rich  to  pay  for  working.  This  place, 
known  as  Shirley  Bar,  is  located  between  (ilenn  Creek  and  (lold  Run. 
It  is  at  an  elevation  of  about  200  feet  above  the  lower  workings  on 

•  Brooks,  A.  H.,  and  others.  Reconnaissances  in  the  Cape  Nome  and  Norton  Bay  regions, 
Alaska,  in  1000;  a  special  publication  of  U.  S.  (leol.  Survey,  1001,  pp.  140-151. 
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Glenn  Creek,  and  was  first  worked  in  the  fall  of  1901.  The  bed  rock 
is  the  same  schistose  grit,  slate,  and  quartzite.  The  wash  is  small 
and  subangular,  with  a  few  quartzite  bowlders  and  some  monzonitic 
rocks  from  the  divide  above.  The  gravel  varies  in  thickness  from  2 
feet  at  the  lower  side  of  the  claim  to  7  or  9  feet  in  the  middle  and  5 
feet. at  the  upper  end.  The  gold  is  bright,  rounded,  and  "shotty," 
well  distributed  through  the  gravel,  and,  though  it  seems  strange,  the 
nuggets  come  from  near  the  surface.  There  are  few  large  pieces  of 
gold,  the  largest  nugget  taken  out  weighing  a  little  over  1 J  ounces. 

A  ditch  from  Khode  Island  Creek,  1  mile  long  and  capable  of 
carrying  2  sluice  heads  of  water  (about  100  miner's  inches),  has  been 
dug;  but  water  is  so  scarce  that  it  is  collected  in  a  pool  after  being 
used  and  pumped  back  to  the  sluice  boxes.  For  this  purpose  a  30- 
horsepower  boiler,  two  twinned  4-horsepower  upright  engines,  and 
a  4-inch  centrifugal  pump  are  used.  Seven  men  have  been  employed 
on  the  claim  during  the  season. 

GLENN  CREEK. 

.  General  description, — Glenn  Creek  is  located  about  1  mile  west  of 
Eureka  Creek,  and  flows  across  the  bench  gravels.  It  is  about  3  miles 
long,  running  almost  south  down  the  slope  from  the  Baker-Minook 
divide.  The  valley  is  shallow  and  open  and  probably  stands  not 
more  than  50  feet  below  the  bench.  It  is  practically  dry  during  or- 
dinary summers,  but  during  the  wet  summer  of  1904  it  carried  water 
sufficient  for  sluicing. 

Gold  was  discovered  on  Glenn  Creek  by  Messrs.  Beardsley,  Belsea, 
and  Dillon  in  July,  1901.  The  total  production  up  to  the  fall  of 
1904,  according  to  the  most  reliable  information  obtainable,  had  been 
about  $277,500,  not  including  the  output  of  one  claim  known  to  have 
produced  a  considerable  amount.  During  the  year  ending  with  the 
fall  of  1904  $50,500  is  known  to  have  been  produced,  and  this  again 
does  not  include  some  smaller  outputs.  Of  the  1904  output  $11,000 
was  obtained  by  drifting  during  the  winter  of  1903^  and  $39,500 
during  the  summer  of  1904. 

The  bed  rock  is  similar  to  that  on  the  other  creeks.  The  alluvial 
deposits  are  7  to  9  feet  thick  and  are  in  large  part  composed  of  the 
angular  fragments  usually  found  in  so  weak  a  stream,  with  rounded 
material  from  the  bench  through  which  it  flows.  There  are  occa- 
sional small  bowlders  of  monzonitic  rock  from  the  divide  above. 

The  quartzite  interbedded  in  the  softer  slates  has  given  ri.se  to  a 
peculiar  condition  in  the  gravels  of  the  lower  part  of  the  creek.  On 
claim  No.  lA  a  section  of  the  gravels  shows  about  a  foot  of  muck,  un- 
der which  is  a  discontinuous  layer  of  angular  quartzite  blocks  8  to  10 
inches  thick  and  2  feet  or  more  broad,  showing  no  water  wearing. 
Under  these  is  a  thickness  of  about  2  feet  of  washed  gravel,  and  fine 
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broken  slate  lies  below  this  upon  vertical  strata  of  slate  which  strike 
about  northeast  These  angular  blocks  of  quartzite  on  top  of  the 
gravel  have  been  very  puzzling.  It  is  likely  that  they  are  to  be  ex- 
plained by  the  supposition  that  the  creep,  which  acts  very  strongly 
here,  has  broken  down  a  thin  bed  of  quartzite  that  can  be  seen  on  the 
side  of  the  claim,  and  as  the  creep  has  moved  the  gravels  the  blocks 
of  quartzite  have  been  broken  off  and  have  crept  with  the  gravels. 

Mining. — ^The  pay  seems  to  have  been  mostly,  if  not  wholly,  in  that 
part  of  the  creek  which  cuts  the  mantle  of  gravel  covering  the  hill- 
side. The  pay  streak  is  said  to  vary  in  width  from  50  to  100  feet. 
In  places  it  was  very  rich ;  one  pan  taken  by  the  writer  gave  about 
$3.75.  Many  pans  of  $10  and  upward  were  said  to  have  been  taken. 
At  one  place  fine  gold  could  be  seen  all  through  the  broken  slate.  On 
this  claim  the  pay  was  in  the  lower  8  feet  of  gravel  and  2  feet  of  the 
bed  rock.  A  plat  20  by  48  feet  yielded  $4,000  to  4  men  working  three 
and  one-half  days.* 

The  gold  is  bright,  clean,  generally  worn,  and  fine,  but  "  shotty  " 
and  easily  saved.  Such  nuggets  as  are  found  generally  contain  con- 
siderable quartz.  The  largest  nugget  found  weighed  nearly  6  ounces. 
It  was  bright,  clean,  l)eautiful  gold,  and  showed  the  impression  of 
large  quartz  crystals.     It  is  said  to  assay  a  little  over  $16  per  ounce. 

A  small  diteh  1  mile  long  brings  about  a  sluice  head  of  water  from 
Rhode  Island  Creek.  Another  ditch  dug  to  bring  a  sluice  head  or 
more  from  Boston  Creek  was  just  ready  to  use  when  freezing  began 
in  the  fall  of  1904.  An  average  numl)er  of  24  men  are  said  to  have 
been  employed  during  the  year.  Some  drifting  is  to  be  done  this 
winter  (1904-5),  but  it  is  said  that  most  of  the  ground  fit  for  drift- 
ing has  been  worked  out,  the  remaining  pay  gravels  being  too  shallow 
to  give  a  good  roof.  The  creek  is  probably  more  than  half  worked 
out. 

GOLD   RUN. 

A  creek,  about  1^  miles  long,  flowing  into  Rhode  Island  Creek  1 
mile  west  of  Glenn  Creek,  is  called  (jold  Run.  It  carries  little  water 
at  any  time  and  is  practically  dry  during  the  summer  and  fall.  The 
valley  is  shallow  and  open  and  the  lower  part  is  cut  through  the  gold- 
bearing  gravels  covering  the  extension  of  W[\i\t  Cheer  Bar.  The 
creek  was  staked  in  tlie  spring  of  1899  and  the  first  work  was  done 
during  the  winter  of  1900-1901.  There  are  six  claims,  each  500  or 
1,000  feet  in  lengtli,  upon  the  creek,  but  only  the  lower  four  have  so 
far  been  producers.  The  total  production  during  the  winter  of 
190eV4,  as  reported  by  the  miners,  was  about  $10,000,  not  including 
the  output  of  one  claim,  which  was  probably  small.  The  production 
of  former  years  is  estimated  at  about  $9,000. 
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The  bed  rock  of  the  lower  part  of  the  creek  is  a  carbonaceous  schis- 
tose grit,  which  in  places  becomes  slaty.  The  rather  well-rounded 
gravels  are  of  slate,  quartzile,  and  grit,  16  to  18  feet  deep,  with  a  cov- 
ering of  about  2  feet  of  muck.  The  creek  is  diiBcult  to  work  on  ac- 
count of  the  live  wate '  in  the  gravels.  Through  part  of  their  length 
the  gravels  are  frozen  on  the  bottom  and  thawed  for  several  feet 
above,  so  that  drifts  must  be  timbered  throughout.  The  pay  fre- 
quently goes  down  into  the  bed  rock  3  or  4  feet. 

The  gold  is  generally  bright,  fine,  and  somewhat  worn.  One  nug- 
get weighing  nearly  4  ounces  has  been  taken  out.  When  poured  out 
of  a  sack  "  or  pan  part  of  it  rolls  almost  like  shot,  owing  to  its  rounded 
form.  This  characteristic  is  common  to  a  large  part  of  the  gold  of 
the  Rampart  region,  but  particularly  so  of  this  area,  and  is  due  to  its 
crystalline  form.  The  crystal  faces  are  often  observable  on  the  pieces. 
The  placers  of  the  creek  are  probably  derived  largely  from  reconcen- 
tration  of  the  gold  from  the  gravels  of  the  bench  through  which  the 
creek  has  cut  its  course,  and  in  part  from  the  local  bed  rock.  The 
creek  is  probably  more  than  half  worked  out. 

RHODE  ISLAND  CRFJEK. 

Rhode  Island  Creek  is  somewhat  larger  than  Gold  Run  and  heads 
nearer  the  top  of  the  ridge.  Its  general  conditions  of  bed  rock, 
gravel,  etc.,  are  similar  to  those  of  Gold  Run,  below  the  mouth  of 
which  Rhode  Island  Creek  flows  close  against  a  bluff  on  its  w^estern 
side,  while  its  eastern  side  rises  more  gently. 

Considerable  work  has  been  done  on  the  creek,  but  during  the  sum- 
mer of  1904  no  claims  were  worked.  The  output  is  unknown. 
Miners  on  other  creeks  are  of  the  opinion  that  the  gravels  would  pay 
for  working  if  water  for  hydraulicking  could  be  obtained. 

SEATTLE    CREEK. 

Seattle  Creek,  althoii<2:h  the  longer  stream,  is  called  a  tributary  of 
the  Rhode  Island.  It  probably  carries  less  than  a  sluice  head  of 
water  during  an  ordinary  season.  The  bed  rock  in  the  lower  part  is 
carbonaceous  schistose  grit.  The  gravels  contain  bed-rock  fragments, 
quartzite,  vein  quartz,  and  carbonaceous  slate,  and  are  rather  fine. 
They  are  said  to  be  8  to  30  feet  thick  and  covered  with  1  to  8  feet  of 
muck.  They  are  well  frozen  and  have  no  live  water.  About  $100  was 
taken  out  in  the  course  of  prospecting  during  the  winter  of  1903-4. 
The  gold  is  said  to  l)e  bright,  fine,  and  shotty.  Prospecting  was  to  be 
continued  durin":  the  winter  of  1004-5. 


'  Known  among  miners  an  a   "  poke. " 
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BENCH  WEST  OF  RHODE  ISLAND  CREEK. 

A  spur  on  the  west  side  of  Rhode  Island  Creek,  similar  to  the  one 
on  the  west  side  of  Eureka  Creek,  has  a  well-defined  bench  cut  upon 
it,  extending  about  one-half  mile  to  Omega  Creek  Valley.  The  bench 
is  about  300  feet  above  the  bed  of  Rhode  Island  Creek  and  is  covered 
with  subangular  gravel,  through  which  gold  is  said  to  be  found.  It 
is  about  on  a  level  witlf  Shirley  Bar. 

OMEGA  CREEK. 

General  description, — Omega  Creek,  another  small  stream,  fieads 
in  a  ridge  about  2  miles  southwest  of  the  head  of  Minook  Creek  and 
.  about  one-half  mile  west  of  Seattle  Creek,  flows  almost  south  for 
one-half  mile  or  more,  and  then  swings  gradually  to  the  west.  As 
soon  as  it  takes  a  westerly  course  the  shape  of  its  valley  becomes 
similar  to  that  of  Eureka  Creek,  having  a  steep  hill  on  the  south, 
against  which  the  stream  flows,  and  on  the  north  side  a  gentle  slope 
to  the  ridge  above,  rising  more  steeply  in  its  upper  portion. 

Gold  was  discovered  in  Omega  Creek  in  1899,  but  the  first  pay  was 
found  in  1901.  The  creek  has  been  worked  in  only  a  small  way,  and 
the  production  has  been  small.  The  bed  rock  is  a  black,  fissile,  much- 
broken  slate,  and  a  yellowish,  somewhat  schistose  grit.  It  has 
a  strike  of  N.  70°  E.,  with  a  high  northerly  dip.  The  gravel  is  about 
7  feet  deep,  very  angular  and  fine,  and  is  made  up  of  the  country 
rock  with  a  small  amount  of  quartzite.  There  is  little  or  no  muck 
over  the  gravel,  but  there  is  a  sticky  clay  through  it  which  probably 
carries  off  some  of  the  fine  gold. 

Values  and  mining. — The  pay  is  known  to  extend  for  about  1  mile 
down  the  creek  from  a  point  due  west  of  the  mouth  of  Seattle  Creek. 
The  width  of  the  pay  is  unknown.  One  cut  30  feet  wide  has  been 
taken  out,  and  it  is  known  that  the  pay  extends  to  both  sides,  rising 
on  a  low  l)ench  on  the  right  (northwest).  This  cut  is  at  the  upper 
end  of  the  pay  streak.  The  gold  is  distributed  through  the  gravel 
lx)th  top  and  bottom.  It  is  ''  shotty  "  and  coarse,  and  much  of  it 
is  very  rough.  Many  ])ieces  show  crystal  faces,  and  all  the  larger 
pieces  and  many  of  the  smaller  pieces  contain  quartz.  In  color  the 
gold  is  more  brassy  than  most  of  the  gold  of  the  region.  A  great 
many  small  crystals  of  pyrites  occur  in  the  concentrates  with  the  gold. 
So  far  the  claim  has  been  worked  only  by  an  open  cut,  but  some 
of  the  gravel  was  thought  to  be  deep  enough  to  be  workable  by  drift- 
ing and  this  method  was  to  Ik».  tried  during  the  winter  of  1904—5. 
The  water  supply  is  small  and  a  dam  has  been  put  in  to  collect  the 
water  so  that  sluicing  can  be  carried  on  about  half  the  time  during 
an  ordinary  season. 
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CHICAGO  CREEK. 

Chicago  Creek  is  a  small  rivulet  flowing  down  the  northern  slope 
to  Omega  Creek  about  2^  miles  west  of  the  mouth  of  Seattle  Creek. 
Pay  was  reported  to  have  been  discovered  near  its  mouth  during 
the  summer  of  1904,  and  it  was  the  intention  to  work  it  during  the 
winter. 

THANKSGIVING    CREEK. 

Thanksgiving  Creek  is  a  small  tributary  of  Omega  Creek,  between 
4^  and  5  miles  west  of  Eureka  Creek.  It  occupies  a  shallow,  open 
depression  in  the  southern  slope  of  the  ridge,  on  the  north  side  of 
Baker  Flats,  and  can  hardly  be  said  to  have  a  valley  in  its  lower  part. 
It  is  almost  dry  in  the  summer  and  fall.  Gold  was  discovered  on  it 
in  February ,•  1903.  The  combined  output  of  Omega  and  Thanks- 
giving creeks  has  been  about  $18,200. 

The  bed  rock  is  exposed  only  in  the  diggings,  but  where  seen  was 
a  yellowish,  somewhat  schistose  grit.  The  gravel  varies  in  depth 
from  6  to  18  feet  where  the  creek  is  worked,  though  it  is  said  to  be 
deeper  farther  downstream.  It  is  composed  of  subangular  pieces  of 
quartzite,  schistose  grit,  vein  quartz,  slate,  and  a  small  amount  of 
monzonitic  rock.     The  overlying  muck  is  1  to  4  feet  in  thickness. 

The  gravel  is  peculiarly  mixed  with  a  sticky  yellow  clay,  which  in 
places  seems  to  be  half  ice.  In  some  of  the  deeper  holes  there  is  10  feet 
of  this  mixed  clay  and  ice.  It  can  not  be  worked  with  wood  fires,  for 
when  melted  it  runs  down  upon  the  fires  and  quenches  them.  In  open 
cuts  the  sides  when  melted  move  together  like  a  mass  of  yellow  tar.  In 
some  of  the  holes  the  section  is  said  to  show  10  to  12  feet  of  finely 
mixed  yellow  clay  and  ice,  of  which  5  feet  is  fully  half  ice  and  below 
this  there  is  G  feet  of  subangular  gravel.  The  pay  streak  varies  in 
width  from  25  to  45  feet,  and  is  1^  to  9  feet  thick.  Gold  is  sometimes 
distributed  through  the  yellow  clay  and  colors  always  occur  through 
the  mixture  of  chiy  and  ice.  At  one  place  where  the  pay  is  found 
through  7  feet  of  the  ice-clay  mixture,  when  the  mass  is  thawed  the 
pay  sinks  to  the  lower  4  feet.  If  the  chiy  is  dried  it  is  difficult  to  part 
the  gold  from  it,  and  at  one  chiim,  on  which  open-cut  work  was  pro- 
gressing, angular  pieces  of  sheet  iron  like  saw  teeth  were  driven  into 
the  poles  used  in  the  sluice  boxes  to  break  up  the  clay.  The  iron  pieces 
were  left  projecting  about  three-fourths  of  an  inch,  and  25  were  used 
to  a  6|-foot  pole.    The  device  is  said  to  work  well. 

The  gold  is  generally  rough  and  somewhat  iron  stained,  but  some 
of  it  is  smooth,  bright,  and  "  shotty."  Some  "  black  sand  "  is  said  to 
be  with  it  in  the  concentrates.  R.  H.  Wright  picked  out  8.48  ounces 
of  the  smooth,  bright  gold,  and  the  United  States  assay  office  at  Se- 
attle gave  it  a  value  of  $15.64  per  ounce.  In  it  there  were  1.68  ounces 
of  silver  and  0.4  ounce  of  impurities;  32.03  ounces  of  the  gold  as  it 
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came  from  the  sluice  boxes  contained  0.38  ounces  of  silver  and  2.41 
ouncQaof  impurities,  and  had  a  value  of  $15.17  per  ounce.  Each  assay 
gives  about  20  per  cent  as  the  silver  content  of  the  gold. 

Water  for  sluicing  is  brought  from  Eureka  and  Chicago  creeks,  but 
the  supply  is  scanty.  The  probabilities  are  that  the  production  of  gold 
upon  Thanksgiving  Creek  will  increase  considerably,  but  as  in  most 
of  the  diggings  of  the  Baker  Creek  group  moi*e  water  is  needed. 

IIUTLINA    CREEK. 

Hutlina  Creek  is  a  large  tributary  of  Baker  Creek,  several  miles 
southeast  of,  and  having  a  generally  parallel  course  to  Pioneer  Creek. 
As  seen  from  Glenn  Creek  its  valley  and  that  of  its  principal  tribu- 
tary are  shaped  similarly  to  those  of  Pioneer  and  Eureka  creeks,  and 
prospectors  confirm  this  impression.  A  stampede  to  the  Hutlina  oc- 
curred in  1902,  and  it  is  reported  that  colors  and  occasionally  good 
prospects  were  found,  but  live  water  in  the  gravels  prevented  their 
being  worked  without  machinery.  The  bed  rock  is  said  to  be  similar 
to  that  of  Pioneer  Creek.  At  the  time  the  Geological  Survey  party 
left  Rampart,  September  20,  1904,  several  prospectors  were  going 
into  the  valley  with  tools  and  provisions  to  prospect  the  benches  dur- 
ing the  winter. 

PAITERSON  (REEK." 

The  following  notes,  collected  from  various  sources,  are  considered 
reliable,  though  the  writer  was  not  able  to  verify  them  by  personal 
observation. 

Patterson  Creek  is  a  tributary  of  the  lower  Tanana,  some  of  whose 
tributaries  rise  in  Rough  Top  Mountain  and  others  in  a  broad,  flat 
divide  between  the  Tanana  and  Left  Fork  of  Baker  Creek.  Gold 
was  discovered  on  Patterson  Creek  at  the  mouth  of  Easy  Money  and 
Sullivan  creeks,  which  join  to  form  the  main  valley.  The  scene  of 
the  discovery  lies  close  to  the  trail  from  Hot  Springs  to  the  mouth 
of  the  Tanana.  The  gravels  are  from  85  to  70  feet  deep,  and  the 
bed  rock  is  chiefly  slate.  The  gold  is  similar  in  character  to  that 
found  on  Glenn  Creek.  Although  there  was  no  actual  mining  in  this 
district  in  1907,  sufficient  gold  had  been  found  to  warrant  careful 
prospecting.  This  occurrence  appears  to  be  similar  to  the  placers 
of  the  Glenn  Creek  region.  Its  position  and  character  suggest  that 
the  Patterson  Creek  deposit  may  represent  a  southwestern  extension 
of  the  Glemi  Creek  district. 

WATER  FOR   HYDRAULICKING. 

A  large  part  of  the  gravels  of  the  creeks  and  benches  of  the  Baker 
Creek  area,  while  they  will  not  pay  for  shoveling  in,  would  probably 
pay  for  working  if  water  for  hydraulicking  could  be  obtained  at  a 
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reasonable  cost.  But,  as  has  been  said,  the  creeks  of  the  region  ai*e 
small  and  furnish  hardly  enough  water  for  ordinary  sluicing  oper- 
ations. 

Miners  say  that  Hutlina  Creek  would  furnish  plenty  of  wat^r  for 
hydraulicking,  but  the  distance  it  would  have  to  l)e  carried  is  variously 
estimated  at  8  to  15  miles.  Were  water  brought  from  this  creek  it 
would  have  to  be  piped  through  a  large  part  of  the  distance  to  retain 
the  head.  In  connection  with  hydraulic  mining  in  this  region  the 
writer  can  do  no  better  than  quote  the  remarks  of  L.  M.  Prindle  " 
upon  the  subject: 

Outlook  for  hydraulic  mining. — The  installatiou  of  a  LydraiiHc  plant  lu  any  of 
the  placer  regions  of  the  Yukon-Tanana  country  involves  the  expenditure  of  an 
amount  of  money  several  times  in  excess  of  that  required  for  similar  work  in 
the  States  and  should  be  preceded  by  much  careful  preliminary  study  of  all  the 
conditions.  The  transformation  of  available  water  supply  into  a  powerful  tool 
of  excavation  and  transi)ortation  and  the  use  of  this  tool  in  the  most  skillful 
and  efficient  manner  are  among  the  most  important  i)roblems  of  mining.  I>ack 
of  knowledge  and  skill  may  be  covered  by  the  results  where  the  ground  is  very 
rich,  but  with  ground  like  that  under  consideration  the  possession  of  these 
qualities  or  the  lack  of  them  may  make  all  the  difference  between  success  and 
failure.  Directors  and  stockholders  of  companies  planning  such  work  should 
insist  upon  and  be  constantly  ready  to  bear  the  exi)ense  of  the  intelligent  study 
of  conditions  and  careful  management  of  oi)erations. 

GENERAL  CONCLUSIONS. 

The  rocks  of  the  Baker  Creek  area  are  interbedded  schistose 
grits,  slates,  and  quartzites,  with  the  grits  forming  the  larger  part. 
The  grits  and  slates  are  often  carbonaceous.  Igneous  rocks  were 
found  only  along  the  crest  of  the  divide,  and  not  in  large  quantity. 
When  compared  with  the  Klondike  or  the  Nome  gold-producing 
regions,  the  small  amount  of  metamorphism  and  mineralization  and 
the  scarcity  of  quartz  veins  and  stringers  are  very  noticeable. 

The  source  of  the  gold  is  probably  local,  and  the  richer  placers  are 
generally  in  the  vicinity  of  carbonaceous  phases  of  the  rocks.  There 
is  frequently  reconcentration  from  older  gravels  where  the  streams  cut 
across  gravel-covered  benches  and  hillsides.  The  gold,  though  gen- 
ei-ally  close  to  bed  rock,  is  sometimes  distributed  through  a  consid- 
erable thickness  of  gravel  and  muck.  It  often  occurs  in  small  crys- 
tals, and  is  thus  shotty  and  chunky  and  easy  to  save.  Large  nuggets 
are  rare.  It  contains  a  large  amount  of  silver,  so  that  its  value,  per 
ounce  is  much  lower  than  that  of  the  gold  of  the  Minook  Creek  area, 
running  from  $14.88  to  a  little  over  $1G.  There  are  few  minerals^ 
accompanying  the  gold,  a  little  pyrite,  magnetite,  and  hematite  being 
the  only  ones  noticed. 

"  Prindle,  L.  M.,  and  Hess,  F.  L.,  The  Rampart  placer  rejrion,  in  Report  on  progress  of 
investigations  of  mineral  resources  of  Alaska :  Bull.  U.  S.  Geol.  Survey  No.  259,  1905, 
pp.  104-119. 
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The  creeks  are  all  small  and  some  have  been  half  worked  out  or 
more,  but  new  deposits  have  been  discovered  each  year  and  more  will 
probably  be  found.  Water  for  w^orking  the  claims  is  scarce,  and,  al- 
though some  ground  which  will  not  pay  for  shoveling  in  would  prob- 
ably pay  for  hydraulicking  under  favorable  conditions,  water  in  ade- 
quate quantity  and  under  a  sufficient  head  can  not  be  obtained  with- 
out considerable  expense.  One  of  the  greatest  needs  is  a  good  road 
fi'om  Rampart,  and  until  that  is  made  supplies  must  continue  exces- 
sively high. 

troubijEsome  creek  group. 

general  description. 

The  Troublesome  Creek  group  is  situated  between  the  arms  of  the 
Y  formed  by  the  divides  separating  the  drainage  basins  of  Minook, 
Baker,  and  Troublesome  creeks.  It  is  18  or  20  miles  southeast  of 
Rampart.  Troublesome  Creek,  rising  among  the  hills  east  of  \yol- 
verine  Mountain,  flows  northeast  to  Hess  Creek,  a  tributary  of  the 
Yukon.  The  tributary  valleys  are  often  narrow  and  shut  in  by  hills 
with  steep  sides  and  ridges,  closely  resembling  each  other,  and  mak- 
ing traveling  so  difficult  that  the  country  has  come  by  its  name 
honestly. 

So  far  pay  dirt  has  been  found  upon  two  creeks.  Quail  and  (Jun- 
nison,  though  colors  are  found  through  the  gravels  over  a  wide  area. 

The  rocks  include  all  the  varieties  present  in  the  Rampart  forma- 
tion, but  slates  are  characteristic  of  the  uj^per  valley  and  greenstones 
of  the  lower.  The  slates  have  i)een  intruded  by  a  variety  of  igneous 
dikes.  The  creeks  have  cut  benches  upon  the  hills,  but  to  a  less  degree 
than  in  Minook  Valley. 

CREEKS  PROSPECTED. 
QUAIL    CRKEK.    • 

Quail  Creek  heads  opposite  Hoosier  Creek  and  flows  eastward  into 
Troublesome  Creek,  having  a  length  of  between  5  and  6  miles.  A 
large  branch  of  this  creek,  known  as  South  Fork,  joins  Quail  Creek 
about  a  mile  above  Troublesome  Creek.  Between  the  two  branches  is 
a  gi'avel-covered  bench  400  feet  high,  upon  which  colors  have  been 
found,  and  which  is  being  prospected.  Parts  of  this  bench  occur  at 
various  places  farther  up  Quail  Creek.  On  the  north  side  of  Quail 
Creek  is  another  bench  about  50  feet  above  the  creek,  and  this,  too,  is 
l)eing  prospected.  In  one  hole  bed  rock  was  reached  at  29  feet. 
There  were  19  feet  of  muck  and  10  feet  of  well- washed  gravel. 
Colors  were  found  all  through  the  gravel,  but  no  pay. 
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A  number  of  igneous  dikes  which  cross  the  lower  part  of  Quail 
Creek  show  considerable  mineralization  by  metallic  sulphides.  An 
assay  of  a  porphyry  gave  no  gold,  but  0.52  oimce  of  silver  *»  per  ton. 

The  creek  was  located  in  1898,  and  it  is  said  that  it  was  desired  to 
call  the  stream  "  Ptarmigan  "  Creek,  but  as  no  one  in  the  party  could 
spell  ptarmigan  it  was  named  "  Quail,"  the  spelling  of  which  was 
easier.  Some  gold  is  said  to  have  been  taken  out  in  that  year,  and  a 
little  was  taken  out  during  the  summer  of  1904.  The  total  is  thought 
to  be  about  $3,300. 

There  seems  to  be  a  considerable  accumulation  of  gravels  at  sorfie 
places,  while  at  others  the  bed  rock  rises  to  the  surface.  The  gravels 
are  of  the  country  rock,  with  many  bowlders  of  porphyritic  granitic 
rocks. 

A  number  of  miners  were  fixing  up  old  cabins  and  building  new 
ones,  and  getting  ready  to  prosj^ect  the  creek  during  the  winter. 

GUNNISON   CREEK. 

Gunnison  Creek  is  located  a  few  miles  farther  down  Troublesome 
Creek  on  the  same  side  as  Quail  Creek.  Miners  are  said  to  have 
worked  upon  it  during  the  summer  of  1904,  and  to  have  taken  out 
some  gold,  but  no  further  particulars  were  learned.  The  creek  was 
not  visited  by  the  Geological  Survey  party. 

GENERAL.  SUMMARY. 

The  alluvial  deposits  formed  from  the  rocks  of  the  valleys  in  which 
the  deposits  occur  are  found  both  in  stream  channels  and  on  benches, 
and  are  probably  all  of  stream  origin.  They  are  of  Recent  and 
Pleistocene  age,  and  their  thickness  is  generally  near  5  feet,  but  varies 
from  5  to  100  feet. 

The  gold  is  generally  found  in  the  lower  2  or  3  feet  of  the  gravel 
and  upper  1  or  2  feet  of  the  bed  rock,  but  on  Shirley  Bar  and  Omega 
Creek  it  is  in  places  distributed  through  the  whole  depth  of  the 
gravel,  5  to  7  feet,  and  on  Omega  Creek  the  gold  is  found  not  only  in 
the  gravel  but  through  several  feet  of  intimately  mixed  ice  and  clay. 

The  placers  are  of  two  general  types  as  regards  their  origin,  placers 
of  ordinary  concentration  from  the  disintegration  and  wearing  down 
of  the  bed  rock,  and  placers  formed  through  reconcentration  of  the 
gold  in  older  gold-bearing  gravels  l)v  the  cutting  of  streams.  The 
bench  gravels  of  the  region  and  the  placers  of  Ruby  and  Slate 
creeks  belong  to  the  iirst  class.  To  the  second  class  belong  the  placers 
of  the  creeks  cutting  the  high  bench  of  Minook  Creek  and  the  placers 
of   Doric,   Glenn,   and    Seattle   creeks   and    Gold    Run.     The   other 
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placers  of  the  region  probably  belong  to  the  first  class,  although 
there  may  be  some  reconcentrated  gold  in  Thanksgiving  and  Quail 
creeks. 

The  gold  of  the  .reconcentrated  placers  is  generally  smoother  and 
brighter  than  that  from  the  others,  contains  less  quartz  and  iron,  owing 
to  abrasion  and  oxidation,  and  is  thus  higher  in  value  per  ounce, 
though  the  higher  value  of  the  gold  of  the  Minook  group  is  princi- 
pally due  to  its  containing  less  silver  than  the  gold  of  other  creeks. 
There  is  much  crystallization  in  the  gold,  particularly  of  the  Baker 
Creek  group,  where  the  gold  contains  a  large  percentage  of  silver. 
It  is  notable  that  along  Minook  Creek,  where  the  gold  contains  so 
little  silver,  native  silver  nuggets  are  found  in  the  placers,  while  in 
the  Baker  Creek  group,  where  the  placer  gold  contains  about  20  per 
cent  of  combined  silver,  there  are  no  silver  nuggets.  The  only  other 
minerals  known  in  the  concentrates  with  the  gold  are  hematite,  a 
small  amount  of  magnetite  on  Thanksgiving  Creek,  pyrite,  garnets 
on  Ruby  Creek,  barite  on  a  few  other  creeks,  and  copper  on  Hunter, 
Little  Minook,  and  Slate  creeks. 
In  all  cases  the  origin  of  the  gold  has  probably  been  in  the  imme- 
^  diate  neighborhood  of  the  j^lacers,  though  it  may  be  the  result  of  the 
concentration  pf  many  hundreds  of  feet  of  bed  rock.  There  seems 
►  to  be  no  indication  that  the  gold  has  l>een  derived  from  any  great 
*  mother  lode,"  and  it  has  probably  come  from  comparatively  small 
veins  distributed  through  the  country  rock. 

All  of  the  creeks  at  present  known  to  be  gold  bearing  to  a  paying 
tttent,  ej^cept  Slate  and  Ruby  creeks,  take  their  rise  in  the  Minook- 
Baker-Troublesome  divide.  Along  this  divide  are  dikes  of  monzo- 
^tic,  dioritic,  and  acid  igneous  rocks,  and  it  may  be  that  these  were 
•fisociated  with  causes  that  introduced  gold-bearing  solutions  into 
fte  rocks.  The  large  mas.s  of  diabasic  rocks  in  the  Minook  group 
*^y  have  been  related  in  some  way  with  the  mineralization  of  that 
•Tea. 

As  to  the  origin  of  the  silver  and  copper  nuggets  with  the  gold  in 
.^^  creeks  of  the  Minook  group,  little  can  l)e  said.  On  all  the  creeks 
*^  'which  they  are  found,  except  Slate  Creek,  both  limestones  and 
J^^bases  occur.  On  Slate  Creek  diabase  was  not  seen,  although  there 
*  ^uch  of  it  on  Ruby  Creek.  It  is  likely  that  the  silver  and  copper 
^^^gets  come  from  the  oxidation  of  contact  minerals  resulting  from 
^^  diabasic  intrusions. 

T?he  average  depth  of  gravel  worked  is  probably  between  10  and  20 

*^t.    The  gravels  are  mostly  frozen,  but  much  trouble  in  working 

^^m  is  sometimes  had  on  account  of  live  water.    Hydraulicking  has 

~^ii  introduced  and  apparently  works  well  in  the  frozen  gravels. 

*V5s  form  of  mining  will  probably  become  of  considerable  importance 

24304— Bull.  337—08 7 
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in  the  Minook  Creek  group  wherever  plenty  of  water  and  head  a 
obtainable.  In  the  Baker  Creek  group  the  expense  of  obtainir 
water  for  hydraulicking  seems  to  be  very  much  greater,  though  da 
are  lacking.  There  is  much  gravel  in  this  group,  which  can  probab 
be  worked  at  a  profit  only  by  this  method.  In  the  Troubleson 
country  there  is  plenty  of  water,  with  sufficient  fall  for  hydraulickir 
in  that  valley. 

The  following  tables  give  the  most  important  statistical  data  < 
the  Rampart  region  and  include  the  total  gold  production,  so  far  i 
ascertainable,  up  to  the  fall  of  1904: 

Distances^  men  employed,  and  freight  rates  of  Rampart  region,  lOOJj, 


Name  of  diggings. 


Hunter  Creek 

Little  Minook  Creek 

Little  Minook  Junior  Creek. 

Hoosier  Creek 

Florida  Creek 

Ruby  Creek 

Slate  Creek 

Eureka  Creek 

Bench  bars 

Doric  Creek 

Glenn  Creek 

Gold  Run 

Seattle  Creek 

Omega  Creek 

Thanksgiving  Creek 

Quail  Creek 


Total  . 


Distance 

from 
Rampart. 


Miles. 

a 

4i 
5 
6 
8 
9 
11 
28 
30 
30 
30 
31 
31 
32 
34 
20 


Number 
of  men 

em- 
ployed. 


Freight  rates. 


Winter.   Summe 


I 


10 
5 


Cents  per 
pound. 
2 
2 
2 
2 


I  "I 


24  I 
10  I 


169 


Centsp 
pound 


lb- 


Gold  production  of  Rampart  region. 


Nome  of  aiggings. 


Winter 
of  1903-4 


Hlnoolc  Creek 

Htititer  Cretik 

LiUle  Mlnotik  Creek......... 

Li 1 1  ie  M i Ti ri(  hk  J  111 li »r  C r; t k  , 

HrtositT  Crerk  ....... . . . . 

Flr>riciii  Crt*k  *„.*.„,.*„., 

Ruby  CriH?fc  , 

Blate  Crei*k ._..__,„„, 

Eurttka  Creek  „.„..... 

B^neh  bara , 

I>frTf<5  Creek  „,,.-.- 

Glenn  Creek 

GoM  Run ....,».***» 

S&AttleCr*^ek,.„,.. 

Omega  Creek 

Thanksgiving  Creek .....,.., 
Quail  Creek 


Summer 
of  J  904. 


Total, 
19&4. 


13,000 
10,000 
17,000 


3,  €00 
12,000 


13,000  I 
^900  I 


:l. 


2,000  , 
3,000  I 


500  I      16,500 


39,500 


11,000  I 
16.000  '. 

100  |. 

12.100 


Totnl ,.„„,-      160,aU9        72,700  |    232JJU0 


5,aoo 


Previous 
to  1904. 


I6,0(U 

42,900 

17,000 

500 


5,000 
15,000 


50,500 

ie,ooo 

lOO 
17,400 

rioo 


110,000 

18,000 

143.200 

133,000 

1,500 

a,ooo 

8,A00 


fi2,000  '      2S.300 


sa7,ooo 

9,000 


«(oa 

2,800 


sTflaoo 


Totftll 
Ja]Ll9 


£10,1 
24,  f 

150,1 
2  J 
2  J 
13J 

af77j 
IS,: 


1.112,1 


Total  production  previous  to  lyoo l,  112.  C 

Total  production  for  1905 200,  C 

Total  production  for  1906 270,  C 

Total  production  of  Rampart  region  previous  to  1907 l,  582,  ( 
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Fairbanks  quadrangle,  geologic  map  of 74 

topographic  map  of Pocket. 

Fairbanks  region,  placers  of 29-51 

water  supply  of 51-59  i 

Faith  Creek,  flow  of 55-58  i 

gold  on 30  I 

Favosites  epidermatus,  occurrence  of 21 

limitaris,  occurrence  of 21 

winchelli,  occurrence  of 21  I 

Fenestella,  occurrence  of 23  ' 

Fish  Creek,  flow  of 54,50-58  , 

Fistulipora,  occurrence  of 23 

Florida  Creek,  gold  on 79 

Fort  Egbert,  rainfall  at 59 

Fort  Gibbon,  rainfall  at 59 

Fortymile    quadrangle,   location    of,  map  ] 

showing • 10 

map  of,  publication  of 9  | 

Fossil  Creek,  flow  of 55 

Fossils,  occurrence  of 19-24 

Fox  Creek,  flow  of 54 

Fox  Gulch,  gold  in 39,41  ' 

Freighting,  cost  of 30,98 

Frozen  gravel,  character  of 33-34, 65-('>0 

! 
G. 

Geography,  data  on 1 1-13 

Geology,  account  of 15-28 

Gerdinc,  T.  G.,  work  of 7,9 

Gilmore  Creek,  gold  on 39-40 

rocks  on  and  near 2«i.  40 

Girty,  G.  II.,  fossils  determined  ])y 23 

Glenn  Crook,  description  of 87-SS 

gold  on 83.S8.89 

rocks  on 27 

Gold,  di.scovery  of '29 

distribution  of 33 

production  of 29 

source  of 37,03.80.94,97 

value  of 00. 70-77, 94 

Gold  placers,  description  of 29-31, 37-47. 59-98 

formation  of,  history  of 34-37 

types  of 9t)-97 

Gold  Run,  gold  of 89-90 

Goldstream  Creek,  flow  of 54-58 

gold  on 29, 38-41 

Goldstream  ditch,  flow  of 54 

Granitic  rocks,  character  and  distribution 
oi 2iV-27,30 
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Gravel,  occurrence  and  character  of 

32-34,62 

Gunnison  Creek,  gold  on 

Greenstones,   character    and    distribution 

of 27-28,30 

Gypidula  pseudogaleatus,  occurrence  of 

H. 

Hemlaster,  occurrence  of 

Hess,  F.  L.,  on  Rampart  placers 64 

work  of 7,i 

Hess  Creek,  fossils  from 

rocks  near 

timber  on 

High  bench,  creeks  cutting 

creeks  cutting,  gold  on 75 

description  of 7( 

gold  in 71 

origin  of 

Hill  Creek,  gold  on 

rocks  on 

Holy  Cross  Mission,  rainfall  at 

Homestake  Creek,  gold  on 

Hoosier  Creek,  gold  on 6^ 

Hope  Creek,  flow  of 

gold  on 

Hunter,  William,  gold  found  by 

Hunter  Creek,  description  of 7i 

gold  on 65,75 

rocks  on 

Hustcdia  compressa,  occurrence  of 

Hutlina  Creek,  gold  on 

rocks  near 

timber  on 

water  from 

Hydraulicking,  use  of 50,00,9^ 

water  for 91 

I. 

Ice,  beginning  and  ending  of 

Idaho  Bar,  gold  on 71 

Igneous  rocks,  character  and  distribution 

of 2J 

Inoceramus  labiatus,  occurrence  of 

K. 

Kenia  formation,  character  and  dlstrlbu- 

t  ion  of K 

Ketchumstock,  rainfall  at 

Kindle,  E.  M.,  fossils  detenninod  by 2 

Knopf,  Adolph,  work  of 

Kokomo  Creek,  flow  of 5. 

Koonce,  M.  E.,  on  Minook  Creek 

L. 

Lima,  occurrence  of 

Lithostrotion,  occurrence  of 

Little  Chena  River,  flow  of 54,5 

Little  Kldorado  Creek,  flow  of 

Little  Minook  Creek,  description  of 7 

gold  on C5, 7 

rocks  on 7 

Little  Minook,  jr..  Creek,  descriplic n  of.  72,7 
gold  on t 
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Little  Poker  Creek,  flow  of 55 

Lucina,  occurrence  of 24 

Lynx  Mountain,  rocks  on  and  near 20, 23, 27 


M. 


Macdonald  Bar,  gold  of 72 

McKay  Creek,  flow  of 55 

McLean,  Donald,    on    Little   Minook,   jr., 

Creek 78 

McManus  Creek,  flow  of 64-58 

Map  of  Fairbanks  quadrangle Pocket . 

of  Fairbanks  quadrangle,  showing  tim-  I 

ber 14 

of  Rampart  quadrangle Pocket. 

showing  timber 14 

of  Ramx)art  region CO 

Map,  geologic,  of  Fairbanks  and  Rampart 

quadrangles 14 

Mapping,  plans  for 7 

progress  of 10 

Megalomus,  occinrence  of 21, 22 

Metamorphic  rocks,  character  and  distribu- 
tion of 16-18 

Michelina,  occurrence  of 21 

MUler  Creek,  flow  of 54 

Mining,  costs  of 50-51 

methods  of 47-51 

Minook,  John,  gold  found  by 75 

Minook  Creek,  description  of t>7 

diagrammatic  section  of C8 

fall  of 67 

gold  on 62,65,69-70 

mining  on 68-69 

rockson 24,27,28,62,69 

timber  on 15 

tributaries  of 67 

Hinook  Creek  group,  gold  of 66-82 

gold  of,  production  of 66 

Monzonitic  rocks,  character  and  distribu- 
tion of 27 

^uck,  character  of 32, 62, 69 

N. 

Nome  Creek,  flow  of 55 

^'orth  Fork,  rainfall  at 59 

O. 

O'Connor  Creek,  gold  on 39, 41 

Oliver,  R.  B.,  suggestion  of 51 

Work  of 9 

Omega  Creek,  description  of 82, 91 

gold  of 91-96 

rocks  on 27 

Open-cut  mining,  description  of 48 

Oar  Creek,  gold  on 44 

P. 

Pachydiscus,  occurrence  of 24 

Patterson  Creek,  gold  on 62,93 

Pay  gravel,  character  of 32, 62 

Ptek,  C.  W.,  fossils  found  by 78 

Pecten,  occurrence  of 24 

Pedro  Creek,  gold  on 29, 39 

Pedro  Dome,  rocks  near 26 

Plooeer  Creek,  description  of 82, 85 
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Pioneer  Creek ,  gold  of 83, 85-87 

Pleuromya,  occurrence  of 24 

Pleurotomaria,  occurrence  of 21 

Poker  Creek,  flow  of 55 

Polypora,  occurrence  of 23 

Pool  Creek,  flow  of 55 

Prindle,  L.  M.,  on  hydraulic  mining 94 

work  of 7, 8, 67 

Productus,  occurrence  of 23 

Prospecting,  methods  of 48 

Ptilodictya  frondosa,  occurrence  of 21 

Q. 

Quadrangles,  location  of,  map  showing 10 

Quail  Creek,  gold  on 65,95-96 

Quaternary  rocks,  character  and  distribu- 
tion of 16,25 

R. 

Rainfall,  data  on 14, 58-59 

Rampart,  description  of 60-61 

rainfall  at . . , 59 

Rampart  quadrangle,  geologic  map  of 14 

topographic  map  of Pocket. 

Rampart  region,  geologic  map  of 14 

gold  specimens  from,  plate  showing 74 

placers  of 60-98 

output  of 61, 98 

summary  of 96-98 

Rampart  series,  use  of  term 18 

Ready  Bullion  Creek,  gravels  on 45 

Rhipidomella,  occurrence  of 22 

Rhode  Island  Creek,  description  of 82 

gold  on 88,90 

rocks  on 27 

Rhombopora,  occurrence  of 23 

Rhyolites,  character  and  distribution  of . . .       28 

Rocks,  classes  of 15-16 

Ruby  Creek,  gold  on 65,80-81 

S. 

Salcha  region,  description  of 59-60 

Seattle  Bar,  gold  on 87 

Seattle  Creek,  bench  near,  gold  of 91 

gold  on 90 

Shirley  Bar,  gold  of 87-88,96 

Silts,  occurrence  of 25 

Silurian  rocks,  character  and  distribution 

of 16, 18-22 

Silver,  occurrence  of 94,97 

Slate  Creek,  gold  on 65,81-82 

Smallwood  Creek,  gold  on 46-47 

rocks  near '. 46 

Smith  Creek,  flow  of 5r) 

Sorrels  Creek,  flow  of 54,56-58 

Spirifer,  occurrence  of 23 

Squaw  Creek,  gold  on 65 

Stanton,  T.  W.,  fossils  determined  by 24,78 

Steam  points,  thawing  by 49-50 

Stenopora,  occurrence  of 23 

Stratigraphy,  account  of 16-25 

table  of 16 

Stream  adjustment,  description  of 12 

Streams,  gaging  of 52-59 

Streptelasma,  occurrence  of 21 

Stroraatopora,  occurrence  of 21,23 
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Stropheodonta,  occurrence  of 22 

Summit  Road  House,  rainfall  at 58-^59 

Syrlngopora,  occurrence  of 21 

T. 

Tanana  River,  rainfall  on 59 

tributaries  of 11 

Tenderfoot  Creek,  gold  on 29,60 

Tertiary  rocks,  character  and  distribution 

of 16,24 

Thanksgiving  Creek,  gold  on 83,92-93 

Thawing,  methods  of 49-50 

Timber,  distribution  of 14-15,31 

map  showing 14 

Tolovana  Flats,  location  of 12 

Tolovana  River,  timber  on 14 

Tom  Creek,  gold  on 40 

Topography,  description  of 11-13 

Trail  Creek,  flow  of 55 

Transportation,  methods  and  routes  of 30 

Travel,  cost  of 30 

Treasure  Creek,  gold  on 29,43 

Troublesome  country,  character  of 64 

Troublesome  Creek  group,  creeks  of 95-96 

description  of 95 

Troublesome  Valley,  rocks  In 20-21 ,  27 

Twin  Creek,  rocks  on... 26 


V.  Pag 

Vault  Creek,  gold  on 29, 4*^ 

Vegetation,  character  and  distribution  of  .14-15, 

W. 

Wages,  rate  of 51. 

Water,  underground,  circulation  of 

Water  supply,  plans  for 48, 51,93- 

What  Cheer  Bar,  gold  of 

White  Mountains,  fossils  of 19-20, 

rocks  of 

Wltherspoon,  D.  C,  work  of 

Wolf  Creek,  gold  on 41 

Wolverine  Mountain,  fossils  on 

rocks  on 23 

Y. 

Yukon  Flats,  fossils  from 

location  and  description  of 11 

Yukon  River,  rainfall  on 

rocks  on 

tributaries  of 

Yukon-Tanana  region,  location  and  area  of. 


Z. 


Zaphrentis.  occurrence  of. 
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^     Contained  m  Professional  Paper  No.  45.     Not  published  separately. 
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XXXVl,  1906.     Not  issued  separately. 
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Geology"  of  the  central  Copper  River  region,  Alaska,  by  W-  C  MendenhalL     Prufes* 

sional  Paper  No,  41,  im5,  1.S3  pp. 
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Notes  on  copper  prospects  of  Prince  William  Sound,  by  F.  H.  Moffit.     In  Bulletin 

No.  345,  1908,  pp.  176-178. 
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OUTLINE  OF  PRINCIPAL  RESULTS. 


In  the  Iron  Springs  district  of  southern  Utah,  described  in  this 
paper,  sediments  of  Carboniferous,  Cretaceous,  and  Tertiary  ages  have 
been  intruded  by  large  masses  of  andesite  taken  to  be  laccoUths. 
Erosion  following  the  intrusion  developed  mountains  out  of  the  lac- 
coliths, with  surroimding  rings  of  outward-dipping  sediments  on  the 
lower  slopes.  Later  extrusion  of  lavas  covered  the  eroded  lac- 
coliths and  sediments.  Subsequent  erosion  has  reexhimied  the 
laccoliths  and  part  of  the  sediments,  leaving  the  lavas  in  a  sur- 
rounding zone.  The  lower  slopes  and  flats  adjacent  to  the  lac- 
coliths are  covered  by  the  usual  unconsolidated  deposits  of  the 
Great  Basin  country.  Faulting,  principally  of  the  tension  type,  is 
prevalent. 

The  iron  ores  constitute  (1)  fissure  veins  in  the  andesite,  (2)  fis- 
sure and  replacement  deposits  along  the  contact  of  the  andesite 
with  the  Carboniferous  limestone,  and  (3)  breccia  cement  in  the 
Cretaceous  quartzite.  The  larger  deposits  are  the  ones  along  the 
limestone-andesite  contact.  Their  longer  diameters  in  general  fol- 
low the  contact  with  rough  lens  shape,  but  there  are  many  irregular- 
ities due  to  faulting  and  other  causes. 

About  1,600  exploration  pits  have  been  sunk,  but  the  deepest 
goes  down  only  130  feet,  and  has  not  reached  water  level.  The 
vertical  dimensions  of  the  deposits  are  therefore  unknown.  Their 
total  area  is  5,430,000  square  feet,  and  their  total  tonnage,  so  far 
as  can  be  measured  by  area  and  pits,  is  about  40,000,000  tons.  Prob- 
ably this  estimate  is  much  too  small,  for  the  pits  do  not  go  to  the 
bottom  of  the  deposits. 

The  ore  is  magnetite  and  hematite,  containing  a  small  amount  of 
limonite.  Much  of  it  runs  above  60  per  cent  in  iron,  but  the  average 
is  about  56  per  cent.  Phosphorus  is  uniformly  high.  Sulphur, 
copper,  and  titanium  are  not  present  in  prohibitive  amoimts.  There 
is  no  evidence  of  increase  in  sulphur  with  depth,  but  water  level  has 
not  been  reached  by  the  pits.  The  texture  is  hard  and  crystalline 
at  the  surface;  beneath  the  surface  the  ores  are  relatively  soft. 
The  gangue  is  principally  quartz  or  chalcedony  near  the  siu-face; 
with  depth  calcite  increases.  Garnet,  diopside,  apatite,  mica, 
hornblende,  and  other  silicates  constitute  minor  constituents  of  the 
ore. 
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The  ores  are  closely  related  in  origin  to  the  intrusion  of  the  ande- 
site  laccoliths.  The  first  effect  of  the  intrusion  was  the  contact 
metamorphism  of  the  adjacent  limestone,  produced  principally  by 
driving  out  its  lime  and  magnesia  carbonates  and  recrystallizing 
the  remaining  constituents,  but  also  by  the  introduction  of  silica, 
iron,  and  soda.  The  net  result  was  diminution  of  volume.  Lime- 
stone was  actually  fused,  for  residues  of  glass  still  remain.  The  net 
density  of  the  contact  minerals  is  somewhat  higher  than  the  density 
of  the  unaltered  limestone,  but  the  density  of  the  rock  as  a  whole  is 
less  than  that  of  the  fresh  limestone,  owing  to  the  content  of  glass 
and  the  pore  space.  It  is  suggested  that  the  fusion  of  the  limestone 
contact  phase  denied  access  to  the  andesite  solutions,  thus  explaining 
the  lack  of  abimdant  introduction  of  minerals  from  the  intrusives 
along  the  contact.  Had  the  temperature  not  reached  the  fusion 
point  of  the  limestone  (probably  about  1,000°  C),  other  conditions 
remaining  imchanged,  the  contact  phase  of  the  limestone  might  have 
been  left  porous,  affording  openings  for  the  entrance  of  the  solutions. 

The  ore-bearing  solutions  followed  shortly  after  the  contact  meta- 
morphism of  the  limestone,  and  after  the  outer  part,  at  least,  of  the 
andesite  laccoliths  had  crystallized,  as  shown  by  the  occurrence  of 
ore  in  fissures  in  the  andesite  and  limestone  contact  phase.  The  ore- 
bearing  solutions  carried  silicates  similar  to  those  previously  formed 
in  the  Umestone  contact.  The  conspicuous  feature  was  the  intro- 
duction of  soda  by  the  ore-bearing  solutions  into  both  limestone  and 
andesite  along  the  contact.  A  comparison  of  the  alteration  of  the 
andesite  next  to  the  ore  with  its  alteration  by  weathering  brings  out 
clearly  the  effect  of  the  ore-bearing  solutions. 

A  graphic  method  of  comparison  of  the  fresh  and  altered  rocks 
brings  out  various  possibilities  in  the  interpretation  of  analyses. 

A  consideration  of  the  temperatures  of  crystallization  of  some  of 
the  silicates  deposited  with  the  ores  and  possible  pressures  resisting 
the  solutions  seems  to  indicate  a  probability  that  the  solutions  may 
have  been  vapors  and  that  they  were  pneumatolytic  after-effects  of 
the  andesite  intrusions. 

It  is  suggested  that  the  iron  was  carried  as  ferrous  chloride,  which 
became  oxidized  at  a  temperature  above  500°  C.  by  breaking  up 
associated  water  and  simultaneously  developing  free  hydrogen. 
Precipitation  came  about  partly  by  the  neutralization  of  the  acid 
when  it  came  into  contact  with  the  limestone,  and  partly  by  the 
evaporation  of  the  acid  with  the  water  which  would  accompany  the 
diminution  of  temperature  and  pressure  as  the  solutions  left  the  andes- 
ite. The  conspicuous  introduction  of  soda  into  wall  rocks  suggests 
further  that  the  same  solution  carried  salt.  This  would  be  decom- 
posed by  silicic  acid  and  the  soda  be  deposited  as  sodium  silicate, 
largely  albite,  the  form  in  which  it  is  now  found. 
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The  ore-filled  fissures  in  the  andesite  and  limestone  resulted  from 
the  cooling  of  the  andesite  mass,  which  developed  stretch  fractures 
within  the  mass  and  pulled  it  away  from  the  hmestone  wall  as  a  cast- 
ing away  from  the  mold.  Where  the  ore-bearing  solutions  reached 
the  imaltered  limestone  rather  than  the  silicated  contact  phase  of  the 
limestone  the  ore  replaced  the  limestone.  Where  they  reached  the 
overlying  quartzite  they  filled  fractures. 

A  considerable  secondary  concentration  may  be  traced  to  the 
Tertiary  lavas  which  once  covered  the  ore  deposits.  The  ores  were 
coarsely  recrystallized  and  chalcedony  was  introduced  as  a  gangue 
material  in  place  of  calcite.  No  heavy  siUcates  were  introduced. 
The  concentration  imder  the  influence  of  the  lavas  is  a  relatively 
shallow  one,  which  can  be  fairly  separated  from  the  deep  primary 
concentration. 

The  entire  effect  of  weathering  is  not  known,  because  the  ores  have 
been  observed  only  above  water  level.  Above  this  they  are  porous, 
suggesting  that  there  may  have  been  a  considerable  amount  of  solu- 
tion of  the  gangue  materials  down  to  this  point.  Calcite  has  obviously 
been  leached  near  the  surface  and  deposited  farther  down;  apatite 
has  been  altered  to  osteoUte;  small  amounts  of  sulphides  have  been 
oxidized  and  partly  removed;  limonite  has  developed  in  thin  films 
along  the  margins  of  cavities  and  along  fissures.  In  general,  how- 
ever, the  obvious  relations  of  the  characteristics  of  the  ore  to  con- 
ditions other  than  weathering  seem  to  indicate  that  the  iron  oxides 
themselves  have  been  little  affected  by  weathering. 

Inferences  as  to  the  extension  and  shape  of  the  ore  deposits  in 
depth  are  drawn  from  a  consideration  of  origin.  The  ores  may 
have  a  considerable  depth.  The  ores  are  not  likely  to  be  so  thick 
along  the  contact  on  upper  slopes,  because  gravity  tended  to  close 
the  openings  formed  by  the  cooling  of  the  andesite  mass.  There 
seen\3  to  be  no  reason  why  ore  should  not  be  found  at  the  hmestone- 
andesite  contact  at  places  where  the  contact  is  now  overlain  by 
Cretaceous  quartzite. 

The  Iron  Springs  deposits  are  typical  of  many  other  western  iron- 
ore  deposits,  and  it  is  believed  from  personal  observation  that  their 
origin  has  essential  features  in  common.  Description  is  made  of  the 
structiu^  of  ore  of  similar  occurrence  in  the  adjoining  Bull  Valley 
district,  and  reference  is  made  to  deposits  regarded  as  belonging  to 
the  same  class  in  other  parts  of  the  West. 


THE  IRON  ORES  OF  THE  IRON  SPRINGS  DISTRICT  OF 
SOUTHERN  UTAH. 


By  Charles  Kenneth  liEiTH  and  Edmund  Cecil  Harder. 


CHAPTER  I. 

INTRODUCTION; 

PURPOSE  OF  THE  IXyESTIGATION. 

The  enormous  and  rapidly  increasing  consumption  of  iron  ore  in 
the  United  States  during  the  last  few  years  has  led  to  careful  inven- 
tories of  available  supplies,  both  in  producing  districts  and  in  rela- 
tively unknown  fields,  with  the  result  in  general  of  emphasizing  the 
limitation  of  the  deposits  now  worked  and  of  pointing  out  the  necessity 
for  the  eariy  exploitation  of  new  ones.  Up  to  the  present  time  less 
than  2  per  cent  of  the  iron  ore  mined  annually  has  come  from  west 
of  Mississippi  River,  but  there  have  long  been  known  in  that  region 
large  deposits  of  iron  ore  which  have  not  been  exploited  because  of 
lack  of  transportation  facilities  or  distance  from  consuming  centers. 
The  part  these  deposits  are  to  play  in  meeting  the  future  demand  for 
iron  ore,  the  possibiUties  or  probabilities  of  finding  other  large  deposits 
in  the  West,  and  the  geological  features  of  significance  in  connection 
with  these  questions  remain  largely  to  be  ascertained. 

Mr.  Leith  began  a  general  geological  reconnaissance  of  western 
iron  ores  in  1903  and  continued  it  during  1904, 1905,  and  1906,  visiting 
some  of  the  better  known  ore  deposits  of  Utah,  Colorado,  Wyoming, 
Washington,  British  Columbia,  California,  and  Missouri.  It  early 
became  apparent  to  him,  as  it  had  been  apparent  to  others,  that  the 
iron-ore  deposits  of  the  West  are  prevailingly  of  a  distinct  and  uniform 
type — an  irregular  replacement  of  limestone  near  the  contact  with 
igneous  rocks,  or  a  vein  filling  in  both  limestone  and  igneous  rock — a 
type  fundamentally  different  from  that  of  the  important  producing 
districts  east  of  Mississippi  River,  and  probably  of  different  origin. 
The  deposits  of  the  Iron  Springs  district  of  southern  Utah  wore 
selected  as  typical  of  this  class  of  deposits,  well  located  for  study,  and 
of  such  size  and  qualit}"  as  to  warrant  the  belief  that  their  exploitation 
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would  follow  in  a  short  time ;  accordingly,  detailed  geological  work 
was  begun  in  this  district  in  1905  by  Mr.  I^ith,  with  E.  C.  Harder  and 
Frank  J.  Katz  as  field  assistants,  and  was  continued  during  the  eariy 
part  of  the  field  season  of  1906  by  E.  C.  Harder  and  Freeman  Ward, 
the  senior  author  being  with  the  party  for  three  weeks.  The  results 
of  this  work  are  presented  in  the  following  pages.  It  is  beUeved 
that  they  will  be  found  to  apply  in  their  essential  features  to  many 
other  deposits  of  the  same  general  class  in  western  United  States. 

PREVIOUS  WORK. 

Lying  near  the  northwest  side  of  the  High  Plateau  region  and  in 
the  southeast  part  of  the  Basin  Range  province,  the  Iron  Springs 
district  has  received  passing  attention  from  Powell  (1875  and  1879),^ 
and  Button  (1880  and  1882)''  and  associates  in  their  general  surveys 
of  the  High  Plateaus  and  Colorado  River,  and  from  the  geologists  of 
the  Wheeler  Survey— Howell  (1875),*^  Gilbert  (1875),''  and  Marvine 
(1875)/  Their  maps  and  descriptions  are  necessarily  so  generalized 
that  they  are  of  little  value  in  detailed  study  of  the  district  imder  dis- 
cussion. They  are  important,  however,  in  establishing  a  basis  for  the 
general  correlation  of  formations. 

The  Powell  Survey  prepared  a  reconnaissance  topographic  map  of 
southern  Utah,  part  of  which,  covering  the  Iron  Springs  district,  is 
included  in  the  St.  George  sheet  of  the  United  States  Geological 
Survey.  While  this  is  too  much  generalized  to  be  of  use  in  detailed 
mapping,  it  expresses  the  general  topographic  and  geographic  rela- 
tions of  the  Iron  Springs  district  to  the  surrounding  territory. 

Howell  (1875)^  was  the  first  of  the  early  geologists  to  make  anything 
like  a  specific  description  of  the  Iron  Springs  district  and  its  iron-ore 
deposits.     He  includes  analyses  of  the  ores  by  C.  E.  Button. 

In  1880  the  deposits  received  attention  from  J.  S.  Newberry,^  then 
Americans  leading  authority  on  iron  ore.  He  describes  the  deposits  as 
constituting  "perhaps  the  most  remarkable  deposit  of  iron  ore  yet 
developed  on  this  continent,''  and  refers  the  sediments  of  the  district 

a  Powell,  J.  W.,  Exploration  of  the  Colorado  River  of  the  West  and  its  tributaries;  explored  in  1869, 
1870,  1871,  and  18?2,  under  the  direction  of  the  Secretary  of  the  Interior;  U.  S.  Geog.  and  Geol.  Surv. 
Rocky  Mountiiiu  Region,  Washington,  1875,  291  pp.;  Report  on  the  lands  of  the  arid  region  of  the 
United  States,  with  a  more  detailed  account  of  the  lands  of  Utah;  U.  S.  Geog.  and  Geol.  Surv.  Rocky 
Mtuntain  Region  (2ded.),  1879, 195  pp. 

ft  Dutton,  C.  E.,  Report  on  the  geologj*  of  the  High  Plateaus  of  Utah;  U.  S.  Geog.  and  Geol.  Surv. 
Roi'ky  Mt.  Region.  1880,  307  pp.:  Tertiary  history  of  the  Grand  Canyon  district;  Mon.  U.  S.  Geol.  Sur- 
vey, vol.  2,  1882,  2tt4  pp. 

c  Howell.  E.  E..  Report  on  the  geolog\- of  portions  of  Utah,  Nevada,  Arizona,  and  New  Mexico,  exam- 
ined in  the  years  18?2  and  1873:  V.  S.  Geog.  Surv.  W.  100th  Mer.,  vol.  3,  Geology,  1875,  pt.  3,  pp.  227-301- 

rf  (tillH»rt.  G.  K.,  ReiH>rt  on  the  gk»olog>-  of  portions  of  Nevada,  Utah,  California,  and  Arizona  exam- 
irnnl  in  the  years  1871  and  l8?->:  U.  S.  Geog.  Surv.  W.  100th  Mer.,  vol.  3,  Geology,  pt.  1,  1875,  pp.  17-187. 

'Marvine,  A.  R..  Rept>rt  on  the  giH>logy  of  route  from  St.  George,  Utah,  to  Gila  River,  Arizona, 
examimnl  in  1871;  U.  S.  GtM>g.  Surv.  W.  UXUh  Mer..  vol.  3  Geolog>%  pt.  2,  1875,  pp.  189-225. 

'  Op.eit..pp.2Cl-2l>3. 

f  Newlierr>-,  J.  S..  The  g^uiesis  of  the  on»s  of  in>n:  School  of  Mines  Quart.,  Nov.,  1880,  pp.  9-12. 
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doubtfully  to  the  Lower  Silurian.  Both  the  ores  and  the  andesite 
(called  granite)  he  regarded  as  metamorphosed  sediments. 

The  Iron  Springs  deposits  figure  in  the  Tenth  Census  report  (1886),* 
where  they  were  mapped  and  described  by  Putnam  from  an  economic 
standpoint.  He  referred  to  them  as  *' probably  the  largest  mass  of 
iron  ore  in  the  whole  West.'' 

The  district  lies  close  to  the  southeastern  shore  of  Lake  Bonneville, 
and  accordingly  it  appears  on  the  maps  accompanying  Gilbert's 
Bonneville  report  (1890).'' 

The  physiographic  record  of  the  region  to  the  east  and  south  of  the 
Iron  Springs  district  was  the  subject  of  careful  study  in  1904  by 
Huntington  and  Goldthwait*^  under  the  direction  of  W.  M.  Davis. 

The  senior  author^  of  the  present  report  has  published  two  short 
statements  of  the  results  of  his  examination  of  the  district  (1903  and 
1906). 

A  general  economic  account  of  the  district  with  special  reference  to 
the  chemistry  of  the  ores  was  made  by  Fred  Lerch  (1904).* 

A  considerable  amount  of  exploration  of  the  district  has  been  done 
in  recent  years  for  commercial  interests,  the  results  of  which  have  not 
been  published,  but  which  are  incorporated  in  the  present  report. 
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CHAPTER  II. 

GEOGRAPHY,  TOPOGRAPHY,  AND  GENERAL  GEOLOGY. 

GEOGRAPHY  AND  TOPOGRAPHY. 

The  Iron  Springs  district  lies  between  longitudes  113°  10'  and 
113°  26'  30''  and  latitudes  37°  35'  and  37°  47'  30'',  in  Iron  County, 
southern  Utah,  about  250  miles  south  of  Salt  Lake  City  and  550 
miles  from  the  harbor  of  San  Pedro,  Cal.,  on  the  Pacific  Ocean.  The 
San  Pedro,  Ia^s  Angeles  and  Salt  Lake  Railroad  runs  within  22  miles 
of  the  district  on  the  west,  Lund  being  the  nearest  station.  The 
district  can  also  be  reached  by  way  of  a  spur  of  the  Denver  and  Rio 
Grande  Railroad  running  down  to  Marysvale,  80  miles  northeast 
of  the  district,  thence  on  by  stage. 

The  area  (see  fig.  1)  lies  near  the  eastern  margin  of  the  Basin 
Range  province  and  includes  several  basin  ranges  and  hills,  prin- 
cipal among  which  are  the  Harmony  Mountains,  Iron  Mountain, 
AntelojK*  Range,  Granite  Mountain,  The  Three  Peaks,  and  Swett 
Hills  (PI.  I.  pocket).  To  the  south  are  the  Pine  Valley  Mountains. 
Immediately  west,  north,  and  east  of  the  district  lies  the  desert, 
l>oyond  which  on  the  west  and  north  are  other  basin  ranges,  and 
on  the  east.  12  miles  away,  is  the  Hurricane  fault  scarp  of  the  High 
Plateaus.  On  the  southwest  the  district  is  continuous  with  a  series 
of  ranges  and  hills  extending  west  of  the  Pine  Valley  Moimtains 
well  into  Nevada. 

The  elevation  rangt^s  fnun  5,3(K)  to  8,000  feet. 

The  drainagt^  is  thnnigh  small  creeks  leaving  the  mountains  and 
hills  and  siuui  losing  themselves  in  the  desert. 

The  tops  o{  the  Harmony  Mountams  retain  snow  until  the  middle 
of  sunuuer.  ami  ciuisequeutly  have  an  abundance  of  v^etation, 
such  as  yellow  pine,  tir,  cottonwiH>d.  quaking  aspen,  and  moimtain 
mahogany.  The  tops  and  sIojh^s  of  the  other  mountains  are  dry 
and  an>  ooveivd  with  a  gn>wth  of  si*nib  cedar  and  pifion.  Shrubs, 
sagt^bnish,  and  several  sinvies  of  cacti  are  also  abundant,  but  grasses 
ait*  lacking.  The  surnnu\ding  dest^rt  presents  the  variety  of  sage- 
brush, rabbit  brush,  gn^asewiH^d.  and  shad  sc^ale  characteristic  of  the 
des«>rt  els^nvhert^  in  the  Grt^at  Basin. 
H 
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The  location  of  the  Iron  Sprmgs  district  aflFords  unusual  oppor- 
tunities for  the  study  of  Basin  Range  structure,  the  relation  of  the 
Basin  Ranges  to  the  High  Plateaus,  and  the  associated  problems. 
From  a  scenic  standpoint  also  the  district  is  difficult  to  surpass, 
affording  a  view  of  the  massive  Pine  Valley  Mountains,  the  desert 


onctTisar^yav 


Fig.  1.— Sketch  map  of  parts  of  Utah,  Arizona,  and  Nevada,  showing  geographic  relation  of  Iron 
Springs  district  to  physiographic  regions. 

in  its  typical  development,  and  the  still  more  striking,  brilliant- 
colored  escarpments  of  the  High  Plateaus,  notched  immediately 
opposite  the  Iron  Springs  district  by  Cedar  Canyon  (Coal  Creek 
Valley),  which  rivals  in  form  and  beauty  of  coloring  the  canyon  of 
the  Virgin,  50  miles  to  the  south,  and  even  the  Grand  Canyon,  100 
miles  to  the  south. 
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GBNERAI*  GBOIiOGY. 

The  dominating  geological  features  of  the  district  are  3  large 
andesite  laccoliths,  constituting  The  Three  Peaks  (PL  VII,  A), 
Granite  Mountain,  and  Iron  Mountain,  lying  in  a  northeast-south- 
west line  across  the  area  mapped.  Three  unconformable  sedimentary 
series,  aggregating  4,000  feet  in  thickness,  outcrop  in  successive 
rings  around  these  laccoliths  (PI.  VII,  B),  dipping  outward  asymmet- 
rically, very  steeply  at  the  contact,  less  steeply  farther  away.  Still 
farther  from  the  laccoliths  lava  flows  2,000  feet  thick  rest  in  neariy 
horizontal  attitude  on  the  tilted  sedimentary  rocks.  These  general 
relations  are  modified  by  faulting.  All  of  the  rock  formations  of  the 
district  are  more  or  less  covered  on  the  middle  and  lower  slopes 
by  unconsolidated  and  partly  consolidated  erosion  debris,  both 
aqueous  and  subaerial,  which  spreads  out  on  the  lower  ground  to 
make  the  deserts.     The  detailed  succession  is  shown  in  fig.  2. 

The  laccoUths  are  exposed  only  in  their  upper  parts — at  no  place 
has  erosion  shown  their  bottoms  in  section.  The  rock  is  an  andesite 
of  remarkably  uniform  texture  and  composition.  Within  the  area 
of  the  laccoliths  are  a  few  veins  of  iron  ore  and  fault  blocks  of  ore 
and  Carboniferous  and  Cretaceous  sediments. 

In  contact  with  the  laccoliths  for  the  most  part  is  Carboniferous 
limestone,  a  pure,  dense,  blue  limestone,  with. a  few  feet  of  sandy 
material  appearing  locally  at  the  base.  The  contacts  are  at  most 
localities  nearly  vertical,  this  being  due  partly  to  faulting  and 
partly  to  the  fact  that  erosion  has  cut  down  to  the  sides  of  the  lac- 
coliths, exposing  the  vertical  part  of  their  contact.  Locally,  where 
erosion  has  not  gone  down  so  far,  the  limestone  dips  distinctly  away 
from  the  andesite  at  an  angle  as  low  as  10°.  The  limestone  is  altered 
at  the  contact  with  the  laccolith  for  a  maximum  of  1,000  feet,  as 
measured  on  the  erosion  slopes,  by  loss  of  carbonates,  development 
of  anhydrous  silicates,  and  replacement  by  ore. 

Cretaceous  sediments  outcrop  in  a  zone  outside  of  the  Carbonifer- 
ous limestone,  except  where  locally  they  are  faulted  down  against 
the  laccolith,  or  where  the  laccolith  has  penetrated  the  Cretaceous 
and  erosion  has  not  yet  cut  down  to  the  Carboniferous  limestone,  as 
on  the  west  side  of  Iron  Moimtain.  The  Cretaceous  rocks  are  prin- 
cipally sandstone,  with  layers  or  lenses  of  shale,  conglomerate,  and 
limestone  breccia.  At  the  contact  with  the  laccoliths  the  sandstone 
has  been  indurated  and  amphibole  has  developed. 

The  relations  of  the  Cretaceous  sandstone  to  the  underlying  Car- 
boniferous limestone  are  those  of  apparent  conformity,  but  the  con- 
tact is  rendered  somewhat  obscure  by  the  presence  of  shale  at  the  base 
of  the  Cretaceous  sandstone.  The  lower  portion  may  be  in  part 
Jurassic,  but  separation  could  not  be  made.     The  greatly  varying 
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thickness  of  the  Carboniferous  limestone  may  be  due  partly  to  erosion 
and  partly  to  intrusion  of  andesite  at  different  horizons.  If  it 
represents  erosion,  this  is  evidence  of  unconformity.  Notwith- 
standing the  conformity  of  structure,  it  is  not  unlikely  that  there 
may  be  a  hiatus  between  the  two  systems,  for  the  correlation  of 
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Fio.  2.— Oeologlc  column  of  tho  Iron  Springs  district. 


the  two  is  fairly  well  based,  and  the  Permian,  Triassic,  and  some 
Jurassic  sediments  are  lacking  between  them. 

The  Eocene  series  outcrops  in  a  zone  still  farther  away  from  the 
laccoliths.     It  consists  of  limestone  and  conglomerate,  characterized 
28463— Bull.  338—08 2 


18  IBON    ORES   OF   IRON    SPRINGS  DISTRICT,  UTAH. 

principally  by  pink  and  bright-red  colors.  A  basal  conglomerate 
separates  it  from  the  Cretaceous  sediments  below.  The  dip  of  the 
Cretaceous  averages  about  the  same  as  that  of  the  Tertiary,  but 
there  is  a  marked  erosion  unconformity  between  them. 

Miocene  lavas  and  tuflFs  rest  neariy  horizontally  upon  the  eroded 
edge  of  the  Eocene  sediments  and  to  a  less  extent  upon  the  Cretaceous. 

In  the  northwestern  part  of  the  area,  near  Antelope  Springs,  a 
Pliocene  or  Pleistocene  fluviatile  deposit  occupies  an  embayment  in 
the  lavas.  It  is  principally  a  conglomerate  containing  fragments  of 
the  lavas,  of  the  eariier  andesite  laccolith,  and  of  the  sediments. 

Pleistocene  and  Recent  lake,  stream,  and  outwash  deposits,  con- 
sisting of  gravels,  sands,  and  clays  derived  from  the  erosion  of  all  of 
the  rocks  of  the  district,  occupy  neariy  half  of  the  area  and  mask  the 
rock  formations  of  the  lower  ground.  As  a  whole  this  material  is  a 
result  of  disintegration  to  a  larger  extent  than  of  decomposition.  It 
is  accumulating  with  extreme  rapidity.  The  hillsides  are  covered 
with  it  and  during  heavy  rain  storms  a  great  mass  of  debris, 
including  fragments  many  feet  in  diameter,  creeps  down  the  slopes. 
The  finer  material  is  carried  down  by  the  torrents  and  distributed  in 
broad,  low  fans  on  the  deficient  slopes  below.  The  apparently  fiat 
"desert'^  is  made  up  principally  of  overiapping  fans.  An  hour's 
heavy  rain  brings  about  a  conspicuous  modification  of  alluvial  fans 
or  other  deposits  at  these  places.  The  extreme  rapidity  of  erosion 
and  transportation  in  an  arid  region  has  often  been  described,  but 
the  amount  of  material  moved  in  a  few  hours  can  scarcely  be  realized 
without  direct  observation. 

FAUIiTS,  JOINTS,  AXD  FISSURES. 

That  faulting  complicates  the  elementary  relations  above  sketched 
is  apparent  from  an  inspection  of  the  general  map  (PI.  II,  pocket). 
Fault  scarps  are  common.  Streams  or  canyons  follow  faults  and 
jomts,  especially  the  former,  so  prevailingly  that  in  the  mapping 
faults  were  looked  for  whenever  a  canyon  was  encountered.  Faults 
have  been  mapped  only  where  they  could  be  actually  proved  to 
exist  by  the  relations  of  the  rock  formations,  otherwise  they  are  not 
shown  on  the  map,  even  where  their  absence  or  their  abrupt  termina- 
tion looks  structurally  improbable.  It  is  certain  that  many  have 
been  missed. 

The  larger  and  more  conspicuous  faults  have  a  prevailing  north- 
south  trend,  but  many  have  other  directions,  as  summarized  in  fig.  3. 
At  several  localities,  especially  near  the  ore  deposits,  a  tendency  in 
the  faults  to  follow  about  the  periphery  of  the  andesite  laccoliths  is 
observable. 

The  fault  planes  are  vertical,  or  nearly  so.  The  displacements 
vary  from  vertical  to  horizontal — principally  the  former  in  the  faults 
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mapped.  The  maximum  vertical  displacement  known  Is  2,000  feet; 
the  horizontal  displacement  is  unknown.  Ilinge  faults,  the  displace- 
ment at  one  end  of  which  is  opposite  to  that  at  the  other,  were  found 
locally  in  the  lava  area.  It  is  probable  that  many  of  the  faults  with 
a  displacement  parallel  to  the  dip  of  the  beds  have  not  been  mapped 
because  not  detected.  Allowing  for  a  considerable  unknown  hori- 
zontal component  of  displacement,  there  remains  a  probable  domi- 
nance of  vertical  movement  sufficient  to  indicate  that  the  net  result 


Flo.  3.— Plat  of  faults  and  iron-ore  veins  in  the  Iron  Springs  district.    Solid  lines  show  faults;  dotted 
linesj  iron-ore  veins;  and  solid  and  dotted  lines,  faults  and  iron-ore  veins. 

of  the  faulting  has  been  the  extension  of  the  area;  in  other  words,  the 
faults  are  primarily  tension  phenomena. 

Conspicuous  in  the  andesite  are  fissures,  some  of  them  filled  with 
ore,  which  curve,  taper,  branch,  and  parallel  themselves  in  such  a 
manner  as  to  suggest  that  they  are  stretch  fractures.  In  the  Three 
Peaks  andesite  area  there  is  a  conspicuous  parallel  fracturing  spaced 
at  intervals  of  a  fraction  of  an  inch  to  a  number  of  feet.  In  the 
neighborhood  of  ore  veins  they  have  the  same  trend  as  the  veins. 
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The  origin  of  the  faults  and  other  fractures  is  believed  to  have  been 
principally  due  to  the  successive  extension,  shortening,  and  settling 
accompanying  the  intrusion  and  the  cooling  of  the  laccoliths — the 
origin  citcMd  by  Spun*  for  some  of  the  faults  of  the  Tonopah  district. 
The  faults  are  tension  phenomena,  axid  are  so  numerous  and  so  intri- 
cate in  their  intersections  that  it  is  easier  to  explain  them  by  some- 
what local  strains  accompanying  cooling  than  by  strain  on  the  dis- 
trict as  a  whole.  The  faults  outlining  the  periphery  of  the  andesite 
and  the  stretch  fractures  within  the  andesite  may  be  ascribed  defi- 
nitely to  this  cause.  A  rough  calculation  of  the  cubic  shrinkage  of  a 
mass  of  andesite  the  size  of  the  Iron  Mountain  laccolith  in  crystal- 
lizing from  a  glass  to  andesite  indicates  a  horizontal  radial  shortening 
of  between  200  and  500  feet,  depending  upon  the  depth  assumed  for 
the  mass — in  any  case  a  large  enough  factor  to  be  important  in  the 
development  of  fractures. 

So  far  as  the  faulting  was  diie  to  the  intrusion  and  cooling  of  the 
andesite,  it  followed  the  intrusion  closely  and  is  of  Tertiary  age. 

Other  faults  cut  the  lava  flows  and  are  therefore  considerably  later 
than  the  laccolith  intrusions.  These  faults  are,  from  their  nature, 
probably  in  part  due  to  the  cooUng  of  the  lavas. 

Certain  of  the  larger  faults,  and  especially  those  having  north-south 
directions,  showing  great  extent  and  continuity  across  both  igneous 
and  sedimentary  formations,  may  be  caused  otherwise  than  by  cool- 
ing either  of  laccoliths  or  of  lavas.  They  seem  to  belong  more  to  the 
order  of  deformation  producing  the  Hurricane  fault  to  the  east  than 
to  the  deformation  associated  with  local  igneous  action.  The  whole 
Iron  Springs  district  represents  a  downthrow  on  the  west  side  of  the 
Hurricane  fault.  The  stresses  have  affected  large  areas.  There  can 
be  little  doubt  that  these  great  faults  are  essentially  tensional  in  na- 
ture, but  the  cause  of  the  tensional  stresses  is  not  clear  from  the  facts 
available  in  this  area,  nor,  judging  from  the  literature,  from  the  facts 
available  elsewhere  in  the  Great  Basin.  King  °  first  emphasized  the 
parallelism  of  faults  with  folds  in  the  Great  Basin  region,  and  Gilbert  ^ 
suggested  that  the  Great  Basin  faults  are  but  the  surface  expressions 
of  folds  similar  to  those  of  the  Appalachian  Mountains.  The  paral- 
lelism of  the  faults  with  axial  planes  of  folds  is  shown  also  by  the  work 
of  Huntington  and  Goldthwait  *"  on  the  folded  and  faulted  district 
separating  the  Great  Basin  from  the  high  plateaus  southeast  of  the 
Iron  Springs  district,  where  the  fault  planes  and  displacements  are 
nearly  vertical  and  the  phenomena  in  general  are  tho^e  of  tension. 

The  correlation  of  the  tensile  nature  of  the  strike  faults  with  the 
shortening  of  the  lithosphere  shown  by  the  folds  seems  possible  only 

oKing,  Clarence,  Systematic  geology:  U.  S.  Geol.  Explor.  40th  Par.,  vol.  1,  1878,  p.  735. 

6  Gilbert,  G.  K.,  Report  on  the  geology  of  portions  of  Nevada,  Utah,  California,  and  Arizona,  ex- 
amined in  the  years  1871  and  1872:  U.  S.  Geog.  Surv.  W.  100th  Mer.,  vol.  3,  Geology,  pt.  1,  1875,  p.  82. 

c  Huntington,  Ellsworth,  and  Goldthwait,  J.  W.,  The  Hurricane  fault  in  the  Toqucrvllle  dilstrict, 
Utah;  BuU.  Mus.  Comp.  Zool.,  Harvard  CoU.,  No.  42  (Gcol.  Scr.,  vol.  6),  1904,  pp.  lW-259. 
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by  assuming  tension  along  the  crests  of  anticlines,  resulting  in  strike 
joints  and  faults.  It  may  be  pointed  out  that  no  considerable  uplift 
of  the  arch  necessarily  precedes  faulting  of  this  kind,  for  the  faulting 
may  follow  the  tendency  to  uplift  so  closely  that  the  two  movements 
are  nearly  simultaneous.  It  is  of  interest  in  this  connection  to  note 
that  Himtington  and  Goldthwait  have  developed  the  fact  that  the 
relative  vertical  movements  produced  by  the  folds  whose  axes  are 
parallel  to  the  Hurricane  fault  were  in  opposite  directions  from  those 
produced  by  subsequent  faults.  In  the  former  case  the  west  or  Great 
Basin  side  was  uplifted  with  reference  to  the  east  or  High  Plateau  side, 
while  in  the  subsequent  faulting  the  Great  Basin  became  the  down- 
throw side,  suggesting  a  drop  of  the  anticline — that  is,  normal  fault- 
ing consequent  on  the  folding. 

SEQUENCE  OF  GEOLiOGIC  EVENTS. 

The  principal  features  in  the  development  of  the  present  geological 
and  physiographic  features  of  the  district  have  been  in  order  as  follows : 

(1)  Deposition  of  Carboniferous  limestone,  with  thin  fragmental 
base,  on  basement  unknown  in  this  district. 

(2)  A  period  of  nondeposition,  perhaps  erosion,  followed  by  deposi- 
tion of  Cretaceous  and  perhaps  some  Jurassic  sandstone  with  layers 
of  shale,  conglomerate,  and  limestone. 

(3)  An  erosion  interval,  followed  by  deposition  of  Eocene  lime- 
stone and  conglomerate  in  an  inclosed  basin.  The  conditions  are 
principally  those  of  shallow  water,  strong  currents,  and  rapid  changes 
through  both  Cretaceous  and  Tertiary  times. 

(4)  In  early  Miocene  time  intrusion  of  andesite  laccoliths,  princi- 
pally into  the  Carboniferous  Umestone,  but  also  into  the  overlying 
Cretaceous,  accompanied  by  tilting  of  all  the  formations  away  from 
the  laccoliths,  steeply  near  the  laccoliths,  less  steeply  farther  away. 
Limestone  and  sandstone  were  metamorphosed  near  the  contact. 

(5)  Fissuring  and  faulting  caused  by  cooling  of  laccoliths. 

(6)  Immediate  advent  of  ore-depositing  solutions  through  fissures 
in  the  andesite,  depositing  iron  ore  in  the  andesite  fissures  and  in  the 
adjacent  limestone  and  affecting  other  alterations. 

(7)  Erosion,  exposing  the  laccoliths  and  rings  of  sediments  and 
ores  around  them. 

(8)  Extrusion  of  late  Miocene  lavas  over  the  entire  area,  except 
possibly  some  of  the  higher  peaks  of  the  exposed  laccoliths,  effecting 
a  secondary  concentration  of  the  ores  and  further  altering  the  under- 
lying rocks. 

(9)  Further  faulting. 

(10)  Vigorous  erosion,  reexhuming  the  andesite  cores  and  develop- 
ing the  Pleistocene  conglomerate  and  the  Pleistocene  and  Recent 
mantle  of  stream,  lake,  and  other  alluvial  deposits. 
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DEVEIiOPMENT  OF  TOPOGRAPHY. 

The  outlines  of  the  andesite  cores  at  their  contacts  with  the  sedi- 
ments are  determined  largely  by  their  original  forms.  Their  surface 
forms  are  in  general  those  of  matiu'e  topography.  While  nearly  all 
the  surfaces  are  smooth  and  rounded,  differential  erosion  along  ver- 
tical and  concentric  fissures  has  developed  most  irregular  and  fan- 
tastic forms.     (See  PI.  VIII,  A,  B.) 

Erosion  of  the  sediments  has  developed  monoclinal  ridges  with 
their  steeper  edges  toward  the  andesite  and  dip  slopes  away  from  it. 
Especially  conspicuous  are  the  ridges  of  pink  and  red  conglomerates, 
sandstones,  and  limestones  of  the  Eocene,  which  may  be  seen  for 
many  miles  about  from  points  on  the  laccoliths.  In  general  the  relief 
and  slopes  of  the  sediments  are  low. 

The  horizontal  lava  flows,  overlying  the  sedimentary  deposits  and 
fringing  the  outer  edge  of  the  sedimentary  area,  form  conspicuous 
foothills  or  mountains,  only  a  little  lower  than  the  laccoliths  them- 
selves. Erosion  has  worked  down  along  joints  and  faults,  developing 
a  mesa  type  of  topography,  and  in  detail  often  presenting  the  same 
erosion  forms  as  the  laccolithic  andesite  (PI.  VIII,  C). 

In  a  broad  way  the  Carboniferous,  Cretaceous,  and  Eocene  sedi- 
ments occupy  a  valley  between  mountains  formed  by  the  andesite 
laccoliths  and  the  flat-topped  lava  hills. 

Faults  considerably  modify  the  general  relations  thus  outlined. 
Fault  scarps  are  common,  some  of  them  ranging  up  to  1,000  feet  in 
height,  but  as  a  rule  erosion  has  partially  or  completely  masked  them. 
Erosion  has  frequently  worked  down  along  fault  planes,  with  the 
result  that  many  depressions  mark  faults.  Instances  of  drainage 
along  fault  lines  are  seen  in  both  branches  of  the  Queatchupah  and 
in  several  minor  valleys  to  the  southeast,  in  Stoddard  Canyon,  south- 
east and  northeast  of  Joel  Springs  Canyon,  around  Antelope  Range, 
Antelope  Springs,  and  westward,  in  the  Eightmile  Hills,  and  west  of 
the  northern  part  of  The  Three  Peaks.  Instances  of  canyons  follow- 
ing joints  were  seen  abundantly  in  the  western  part  of  The  Three 
Peaks,  where  there  are  a  number  of  short  parallel  canyons  following 
a  nearly  east-west  slicing  of  the  andesite. 

The  lower  slopes  in  general  are  grade  slopes  in  the  heavy  mantle  of 
dfibris  resulting  from  rapid  erosion  and  inadequate  transportation. 
On  the  desert  this  material  is  spread  out  in  broad,  low  fans.  The 
grade  slopes  are  notched  by  sharp  ravines  and  canyons. 

The  principal  events  in  the  development  of  the  present  topography 
have  been:  (1)  Intrusion  of  laccoliths  in  early  Miocene  time,  followed 
by  faulting  and  erosion,  exposing  the  laccolitlis  and  surrounding  belts 
of  sediments  and  developing  in  the  laccolith  cores  a  mature  type  of 
topography;  (2)  extrusion  of  late  Miocene  lavas,  followed  by  fault- 
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ing  and  by  erosional  exhumation  of  the  laccolith  cores  and  surround- 
ing sediments,  so  far  as  these  have  been  covered  by  the  lavas,  and 
developing  a  mature  type  of  topography  in  the  lavas  themselves; 
(3)  Hurricane  faulting  to  the  east,  causing  a  slight  renewal  of  activ- 
ity, exhibited  in  the  sharp  canyons  and  steep  sides  of  some  of  the 
lava  hills. 

There  have  thus  apparently  been  three  partial  erosiori^cycles,  the 
second  one  now  shown  chiefly  by  the  flat  tops  of  mesas  like  the  Har- 
mony Mountains  and  the  third  by  the  sharp  ravines  and  canyons. 
But  it  is  doubtful  if  the  term  cycle  should  be  used  here,  for  it 
implies  uplift  and  renewal  of  activity  of  streams,  the  evidence  for 
which  is  not  satisfactory.  There  has  been  an  interruption  of  erosion 
by  the  extrusion  of  the  lavas,  but  the  only  evidence  which  can  be 
cited  for  uplift  and  renewal  are  the  sharp  ravines  and  canyons;  and 
it  may  be  observed  that  both  these  and  the  grade  slopes  are  being 
developed  at  the  present  time.  The  rapid  development  and  modifi- 
cation of  the  grade  slopes  has  already  been  referred  to.  But  the 
rapid  cutting  of  the  ravines  and  canyons  in  these  same  grade  slopes 
is  no  less  striking.  There  is  an  alternate  leveling  up  of  the  deep 
ravines  to  the  grade  slopes  and  the  development  of  new  ravines  in 
periods  of  alternating  high  and  low  precipitation. 

Huntington  and  Goldthwait,  in  their  excellent  paper  on  the  Toquer- 
ville  area,  cut  by  the  Hurricane  fault  to  the  southeast  of  the  Iron 
Springs  district,  work  out  two  cycl3s  of  erosion  similar  to  the  second 
and  third  here  presented.  Their  first  cycle  occurred  after  the  extru- 
sion of  trachyte,  rhyolite,  and  andesite  and  subsequent  faulting,  and 
corresponds  to  the  second  cycle  in  the  Iron  Springs  district.  There 
appears  to  be  no  evidence  in  the  Toquerville  district  for  the  prelava 
and  postintrusion  cycle  of  the  Iron  Springs  district.  The  second 
cycle  of  Huntington  and  Goldthwait  occurred  after  the  basalt 
flows  and  the  later  Hurricane  faulting.  For  this  cycle  there  is  scant 
evidence  in  the  Iron  Springs  district.  They  cite  the  Pine  Valley 
Mountains  and  similar  structures  of  the  Iron  Springs  district  and 
southwest  as  an  expression  of  the  mature  topography  of  their  first 
cycle,  and  correlate  it  with  certain  remnants  on  the  High  Plateaus, 
which  were  then  very  much  lower  than  at  present,  the  Pine  Valley 
Mountains  being  the  dominant  topographic  feature.  During  the  Hur- 
ricane faulting  the  High  Plateaus  were  raised,  and  renewed  erosion 
cut  deep  vertical-walled  canyons  into  them,  which  are  the  present 
expression  of  the  second  cycle.  This  faulting  produced  very  little 
diff'erence  of  elevation  west  of  the  present  Hurricane  scarp,  hence 
this  region,  including  the  Iron  Springs  district,  shows  mainly  the  old 
mature  topography.  There  are,  however,  small  canyons  in  the  Iron 
Springs  district  which  may  show  a  renewal  of  activity  and  may  be 
comparable  to  the  steep-sided  canyons  of  the  High  Plateaus. 


CHAPTER  III. 

SEDIMENTARY  FORMATIONS. 

CARBONTFBBOUS  SYSTEM. 

HOMESTAKB  LIMESTONE. 
DISTRIBUTION. 

The  Homestake  limestone  outcrops  in  or  around  the  andesite 
laccolith  areas  and  immediately  in  contact  with  the  andesite. 

West  of  The  Three  Peaks  laccolith  it  is  exposed  in  a  band  extend- 
ing from  the  northern  boundary  of  the  district  southwestward  for 
about  3  miles  and  then  southeastward  to  a  point  northeast  of  Iron 
Springs,  except  where,  by  faulting,  the  Cretaceous  formations  are 
brought  into  contact  with  the  andesite  for  a  distance  of  about  a  mile. 

Northeast  of  the  Granite  Mountain  laccolith  a  band  of  Homestake 
limestone  is  exposed  for  about  2  miles.  Both  ends  of  this  band  are 
overlapped  by  the  Pinto  sandstone,  which  here  again  comes  in  con- 
tact with  the  andesite.  At  the  Desert  Mound,  southwest  of  Granite 
Mountain,  the  Homestake  limestone  again  appears.  It  is  cut  off 
by  a  fault  on  the  west  and  disappears  imder  the  lake  and  stream 
deposits  on  the  east. 

The  Iron  Mountain  laccolith  is  bordered  by  the  Homestake  lime- 
stone on  its  northeast,  east,  south,  and  southwest  sides,  with  a  few 
interruptions  due  to  faulting  or  covering  by  surface  deposits.  South- 
west of  the  laccolith  the  limestone  has  considerable  width,  owing  to 
the  fact  that  the  surface  of  the  supporting  laccolith  is  nearly  horizontal 
here,  as  shown  by  the  tongue  of  andesite  extending  westward  from 
the  main  mass  and  by  the  few  andesite  outliers  in  the  Homestake 
limestone.  On  the  west  and  north  sides  of  the  Iron  Mountain  lac- 
colith, as  in  Granite  Mountain,  the  Homestake  limestone  is  not 
exposed,  the  Cretaceous  sandstones  lapping  against  the  laccolith. 

A  patch  of  Homestake  limestone  is  present  in  the  Comstock  iron 
deposit  in  the  Cretaceous  area  southwest  of  the  Homestake  mine; 
others  are  scattered  irregularly  within  the  area  of  the  Iron  Mountain 
laccolith. 
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CHARACTER. 

The  Homestake  limestone  is  a  dark  bluish-gray  limestone  of  a 
dense  texture,  with  uniform  characteristics  throughout  its  entire 
extent,  except  near  the  laccolith  contact.  Under  the  microscope 
the  limestone  appears  to  be  made  up  of  exceedingly  minute  grains 
of  calcite  with  scattered  grains  of  pyrite,  magnetite,  and  chert. 

The  bedding  of  the  Homestake  limestone  is  very  indefinite  and  is 
easily  confused  with  secondary  fracturing.  Where  it  is  well  defined 
the  limestone  is  generally  thin  bedded. 

CONTACT    METAMORPHISM    OF   LIMESTONE    B\    ANDESITE    LACCOLITHS. 

Phases  of  alteration, — The  limestone  adjacent  to  the  andesite  has 
been  locally  replaced  by  iron  ore  and  has  been  generally  vitrified,  sili- 
cated,  and  kaolinized  in  a  band  usually  not  more  than  60  feet  wide 
along  the  erosion  siu'face,  although  locally  it  may  be  a  few  himdred 
yards  wide  where  the  erosion  surface  is  nearly  parallel  to  the  lime- 
stone-andesite  contact.  Locally  either  or  both  contact  phases  are 
absent. 

The  altered  limestone  is  a  grayish,  yellow,  or  greenish,  fine-grained, 
argillaceous-looking  rock.  Near  the  contact  it  is  soft,  and  farther 
away  it  is  hard  and  fractured  into  small  irregular  blocks.  The  prin- 
cipal minerals  are  albite,  kaolin,  actinolite,  diopside,  quartz,  ortho- 
clase, serpentine,  phlogopite,  andradite,  iron  ores,  osteolite,  andalusite, 
woUastonite,  calcite,  etc.,  varying  greatly  in  proportion  in  different 
places,  but  usually  occurring  in  quantity  in  the  order  named.  They 
are  found  in  veins,  in  breccias,  and  disseminated  through  the  rock. 
In  addition  there  are  local  residues  of  a  glassy  base.  The  albite  is 
probably  not  as  abundant  as  here  indicated,  but  very  likely  includes 
other  sodium  silicates  which  have  not  been  detected.  The  glass  can 
be  distinguished  only  with  difficulty  from  opal  and  other  isotropic 
minerals.  Its  index  of  refraction  was  determined  as  1.56  by  means  of 
the  Becke  method  used  in  conjunction  with  liquids  of  known  index  of 
refraction.  This  distinguishes  it  from  opal  (1.45)  and  other  isotropic 
minerals  which  might  be  found  in  contact-metamorphic  limestones. 

Another  phase  is  coarsely  crystallized  limonite-stained  marble,  in 
some  places  foimd  in  a  narrow  belt  between  the  andesite  and  the  nor- 
mal silicated  contact  phase  and  elsewhere  outside  of  the  normal  phase 
or  associated  with  the  ore.  It  is  thought  possible  that  this  limonitic 
marble  is  a  later  vein  material,  filling  openings  along  the  contact  left 
by  the  cooling  and  crystallization  of  the  intrusive  and  intruded  masses. 

Analyses  of  various  phases  of  the  Homestake  limestone  are  given 
on  the  following  pages. 
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Analyses  of  Hcmiestahe  limestone. 
UNALTERED  HOMESTAKE  LIMESTONE. 


A. a 

B. 

C. 

D. 

E. 

F. 

G. 

810s 

8.08 
1.95 

.87 

6.00 
1.03 
1.04 

3.78 
1.14 
1.80 

16.48 
1.78 

3.12 

A1,0» 

.71 

FejOs 

Fe 

0.28 

0.46 

.95 

1.12 

FeO 

.06 

2.86 

46.67 

.13 

.77 

1.01 

.05 

37.00 

None. 

.75 

4.52 

47.15 

.13 

.93 

1.04 

.04 

36.42 

None. 

MgO 

50.39 

1.78 
50.77 

2.67 
49.46 

CaO 

NajO 

K,0 

H  ,0  + 

PtOi 

.042 
39.92 

.03 

.03 

.037 

.023 

COj 

BaO 

100.05 

99.95 

97.71 

a  These  letters  are  used  throughout  the  discussion  of  the  Homestake  limestone  in  referring  to  the 
specimens  and  their  analyses. 

ALTERED  HOMESTAKE  LIMESTONE  NEAR  ANDESITE  CONTACT,  AND  DIOPSIDE. 


Normal  contact  phase. 

Exceptional  contact  phases. 

Diop- 
side. 

H. 

I. 

52.00 
9.32 
5.08 

J. 

K.     1      L. 

M. 

N. 

0. 

P. 

SIO« 

50.73 
14.63 
11.61 

57.05 
9.86 
3.10 

11.31 
1.64 
4.76 

2.38 
2.02 
6.20 

4.08 
l.OJ 

'2.4i* 

45.03 
1.96 
18.22 

"'2.38' 

.35 

14.99 

1.66 

.72 

4.09 

.64 

9  34 

.10 

75.16 
2.39 

■i.'97  " 
"".'674' 

51.72 

AlfOs 

1  99 

FeiOa 

3  30 

Fe 

FeO 

1.13 

6.36 

1.24 

2.02 

4.24 

7.03 

.32 

.21 

.01 

2.41 

9.40 

14.47 

1.94 

1.41 

3.30 

.12 

.C3 

None. 

L8U 
8.16 
8.61 
4.30 
1.56 
3.89 
.13 
1.74 
None. 

2.56 

.41 

42.57 

.12 

.25 

1.43 

2.3li 

32.30 

.02 

None. 

.46 

48.80 

4  95 

MgO 

15.06 

CaO... 

23  22 

NaiO 

.05 

KsO 

06 

HiO+... 

2.07 
.03 

"".'62" 

50 

PjOj 

COi 

BaO 

None. 

MnO 

.04 

100.20 

99.49 

.   . 

99.43 

100.08 

99.71 
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A.  Specimen  No.  40319.  Unaltered  biuo  limestone  west  of  Three  Peaks.  Analysis  by  R.  D.  Hall, 
University  of  Wisconsin. 

B.  Specimen  No.  46376.  Unaltered  blue  limestone  from  Desert  Mound.  Analysis  by  R.  D.  Hall, 
University  of  Wisconsin. 

C.  Unaltered  limestone  from  Iron  Mountain.    Analysis  by  Fred  Lerch.  Biwabik,  Minn. 

D.  Specimen  No.  46123.  Unaltered  blue  limestone.  Partial  analysis  by  George  Steiger,  U.  8.  Geol. 
Survey. 

E.  Specimen  No.  46121.  Unaltered  blue  limestone.  Partial  analysis  by  George  Stelger,  U.  S.  Geol. 
Survey. 

F.  Specimen  No.  46319A.  White  limestone  west  of  Three  Peaks.  Analysis  by  Fred  Lerch,  Biwabik, 
Minn. 

0.  Specimen  No.  46325.  White  limestone  west  of  Three  Peaks.  Analysis  by  Fred  Lerch,  Biwabik 
Minn. 

H.  Specimen  No.  46338.  Altered  limestone  between  ore  and  andesite  on  Lindsay  HIU.  Analysis  by 
R.  D.  HaU,  University  of  Wisconsin. 

1.  Spedmen  No.  46349.  Altered  limestone  between  ore  and  unaltered  blue  limestone  at  Desert  Mound. 
Analysis  by  R.  D.  HaU,  University  of  Wisconsin. 

J.  Specimen  No.  46376.  Altered  limestone  between  ore  and  andesite  at  Desert  Mound.  Analysis 
by  R.  D.  Hall,  University  of  Wisconsin. 

K.  Specimen  No.  46437.  Recrystallized  limestone  in  vein  a  few  feet  thick  at  andesite  contact,  show- 
ing partial  replacement  by  iron  and  silica.  From  Boston  claim.  Analysis  by  R.  D.  Hall,  University 
of  Wisconsin. 

L.  Specimen  No.  46320.  Recrystallized  limestone  impr^nated  with  limonite,  in  vein  near  andesite- 
limestone  contact  weat  of  Three  Peaks.    Analysis  by  R.  D.  Hall,  University  of  Wisconsin. 

M.  Specimen  No.  46321.    Same  as  L.    Analysis  by  Fred  Lerch,  Biwabik,  Minn. 

N.  Specimen  No.  46438.  Same  as  K,  showmg  a  further  stage  In  replacement  by  iron  and  silica. 
Analysis  by  R.  D.  Hall,  University  of  Wisconsm. 

O.  Specimen  No.  46326.  Siliceous  piaty  alteration  phase  of  limestone  west  of  Three  Peaks.  Analy- 
sis by  Fred  Lerch,  Biwabik,  Minn. 

P.  Specimen  No.  46478,  Diopside  from  long  tunnel  on  Dear  claim.  Analysis  by  R.  D.  Hall,  Uni- 
versity of  Wisconsin. 


SEDIMENTARY  FORMATIONS. 


27 


Mtneralogical  compogition  of  fresh  and  altered  Homestake  limestones^  calculated  from 

chemical  composition. 


Fresh  lime- 
stones. 

Altered    limestones. 

Average 
of  com- 
mon type 
of  altered 
limestone 
(H,I.J). 

MiDeral. 

A. 

B. 

72.40 
2.58 

H.a 

0.50 
24.77 

18.78 

I. 

3.90 
3.09 
6.30 
19.00 
4.32 

K. 

70.80 
3.10 
7.92 

N. 

(alcite 

7&30 
4.90 
2.64 

1.40 
11.61 

1.50 
15.55 
20.52 

21.10 
'34.*i4" 

1  93 

Chert 

Actinoiite 

13.16 
&86 
11  52 

Diopside 

2.16 
15.57 
5.24 

.86 

1.94 

9.02 
5.19 
5.66 
4.78 

Serpentine                                        ' 

4.97 
11.20 

6.76 
3.14 

Andnidite 

Magnesite 

&96  1 
6.03  ' 

&65 
9.86 

.50 

■  "i.os' 

1.11 
2.62 
3.48 

WoDastonite 

"ian" 

4.76 
16.24 
&34 
1.31 

3.13 
36.15 
8.80 
2.62 

5.10 
6.81 
3.89 
3.93 
7.66 
9.60 

2.63 

Albite 

23  02 

Orthodaae 



5.74 

T Jmnni^A  - . . 

1.12  J 

.56 
.69 

3.74 
3.48 
5.92 

2  56 

Magnetite 

1  16 

l^t^^tiU^... 

2.03 

Enstatite 

1 

1.00 

Apatite 

.62 

.31 

.31 

4.96 

1.24 

.  41 

Pyrite 

.12  , 
.16  ' 

.84 
.59 

Water 

1.54 

.81 

2.21 

.59 
2.32 

3.53 

i  52 

Slderite 

Witherite 

1 

.20 

;                   

99.23  1 

97.17 

99.09 

98.52 

99.82 

99.31 

99.14 

99.18 

a  Contains  glass  which  has  been  calculated  in  terms  of  minerals. 

Introduction  of  ore. — The  introduction  of  ore  took  place  after  the 
development  of  the  silicated  contact  phase,  as  is  demonstrated  by 
its  occurrence  in  fissures  that  intersect  this  phase.  The  sili- 
cated contact  phase  is  found  als©  along  parts  of  the  contact  where 
ore  is"  absent.  The  introduction  of  ore-bearing  solutions  effected 
further  metamorphism  of  the  limestone  of  approximately  the  same 
sort,  nearly  all  of  the  minerals  found  at  the  barren  contacts  being 
duplicated  within  and  adjacent  to  the  ore  itself.  (See  analyses 
above.)  Apatite,  amphibole,  biotite,  pyrite,  and  garnet  are  more 
abundant  in  association  with  the  ores  than  elsewhere  in  the  contact 
phase,  while  albite  and  orthoclase  appear  in  the  contact  phase  and 
not  in  the  ores.  Beyond  this  it  has  not  been  found  possible  to  sepa- 
rate the  metamorphic  effect  of  the  ore-bearing  solutions,  aside  from 
its  deposition  of  ore,  from  the  earlier  contact  effect  of  the  andesite, 
although  it  is  thought  likely  that  additional  careful  field  work  with 
this  object  in  view  might  lead  to  the  discovery  of  further  criteria  for 
their  separation.  The  replacement  of  the  limestone  by  ore  is  dis- 
cussed in  connection  with  the  origin  of  the  ore  (pp.  75-79). 

Normal  contact  'phase. — The  following  paragraphs  are  devoted  to 
the  silicated  contact  phase,  which  is  described  as  a  unit,  without 
regard  to  the  extent  to  which  it  has  been  developed  imder  the  influ- 
ence of  the  first  contact  of  the  andesite  or  under  the  influence  of  later 
ore-bearing  solutions,  although  the  former  is  unquestionably  dominant. 
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Analyses  of  fresh  and  altered  rocks  show  clearly  the  net  results  of 
the  alteration^  but  they  tell  little  of  the  extent  to  which  the  transfers 
of  materials  have  been  additions  or  subtractions,  unless  it  is  assumed 
that  one  substance  has  remained  constant  during  the  change.  A 
variety  of  inferences  are  therefore  possible,  depending  upon  which 
substance  is  selected  as  a  basis  against  which  to  measure  the  changes 
of  the  other  constituents  of  the  rock.  Some  substances  are  easily 
eliminated  as  possible  constants;  for  instance,  calcium  carbonate, 
in  the  alteration  of  a  limestone  to  a  silicated  rock;  for  if  this  material 
were  assumed  to  remain  constant  in  amount  during  the  alteration, 
it  would  require  so  large  an  addition  of  other  substances  to  develop 
the  proportions  in  the  altered  rock  that  the  volume  would  be  increased 
beyond  the  possibilities  of  the  situation,  even  allowing  for  increased 
density.  But  other  constituents  are  not  so  satisfactorily  eUminated 
by  such  reasoning,  and  there  arises  imcertainty  and  error  in  the 
selection  from  among  the  various  possibilities  of  the  particular  sub- 
stance to  serve  as  a  basis  of  comparison  of  two  analyses.  If  each 
substance  in  turn  is  considered  as  constant,  the  work  of  calculation 
becomes  tedious  and  the  probabilities  of  the  situation  are  not  easily 
discerned  in  the  mass  of  figures  and  tables  obtained. 

To  meet  these  difficulties  in  inferring  from  analyses  the  real  nature 
of  the  rock  alterations,  the  writers  present  graphic  comparisons  of 
the  analyses  (Pis.  IX-XII,  A),  from  which  it  is  possible,  by  assump- 
tions of  constancy  of  any  constituent  during  alteration,  to  read  the 
percentage  gains  and  losses  of  other  constituents  as  a  result  of  altera- 
tion, and,  what  is  more  important,  to  see  at  a  glance  what  the 
probable  constants  are,  without  losing  sight  of  the  other  possibilities. 

In  the  accompanying  diagrams  a  circle  with  IJ-inch  radius  is 
divided  by  radii  into  100  sectors,  each  sector  therefore  representing 
1  per  cent  of  the  total  area  of  the  circle.  It  is  also  divided  into  a 
series  of  annuli  by  concentric  circles  so  spaced  "  that  the  area  of  each 
annulus  is  equal  to  5  per  cent  of  the  total  area  of  the  circle.  The 
subdivisions  of  the  area,  bounded  by  the  sectorial  radii  and  the  con- 
centric circles,  are  therefore  equivalent  areas  and  each  represents 
0.05  per  cent  of  the  total  area  of  the  circle. 

On  the  base  diagram  thus  constructed,  in  PI.  IX,  B,  for  example, 
the  areas  of  sectors  shown  in  different  colors  represent  percentage 
weights  of  constituents  of  the  altered  limestone.  Thus  silica  (analy- 
sis H)  constitutes  about  50  per  cent  qf  the  altered  rock.  Of  the  fresh 
rock  silica  (average  of  analyses  A  and  B)  makes  up  about  7.5  per  cent. 
The  ratio  of  the  two  is  0.15,  and  hence  the  silica  of  the  fresh  rock  is  15 
per  cent  of  the  silica  of  the  altered  rock.  This  is  indicated  on  the 
diagram  by  the  area  of  the  silica  sector  cut  off  by  the  black  circle 


a  The  area,  varies  as  the  square  of  the  radius. 
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marked  "SiOj"  (which  may  be  called  the  ''silica  circle").  This  circle 
is  drawn  with  such  a  radius  that  its  area  is  15  per  cent  of  the  base 
circle,  and  it  follows  that  the  portion  of  the  silica  sector  included  is  15 
per  cent  of  the  whole  silica  sector. 

In  the  same  way  the  alumina  (analysis  H)  makes  up  nearly  15  per 
cent  of  the  altered  rock  and  (average  of  analyses  A  and  B)  about  1.5 
per  cent  of  the  fresh  rock;  that  is,  the  alumina  in  the  fresh  rock  is  10 
per  cent  of  that  in  the  altered  rock.  In  the  diagram,  therefore,  the 
alumina  in  the  altered  rock  is  represented  by  a  sector  occupying  15 
per  cent  of  the  area  of  the  ba^e  circle,  and  to  show  the  relations  of  that 
in  the  fresh  rock  a  circle  is  drawn  so  as  to  include  10  per  cent  of  the 
total  area  and  consequently  10  per  cent  of  the  area  of  the  alumina 
sector.  In  a  similar  manner  the  relations  of  the  various  other  con- 
stituents in  the  altered  and  fresh  rock  are  shown. 

The  important  feature  of  the  diagram  is  the  fact  that  starting  from 
the  silica  circle,  or  the  circle  representing  any  other  constituent 
assiuned  to  have  remained  constant,  the  actual  gains  or  losses  of 
other  constituents  may  be  obtained  from  the  diagram  by  a  simple 
subtraction. 

If  silica  be  assumed  constant,  the  amount  of  magnesia,  for  instance, 
necessary  to  make  up  the  percentage  of  magnesia  in  the  altered  rock 
is  measured  by  the  area  of  the  magnesia  sector  included  in  the  silica 
circle.  But  on  the  magnesia  sector  the  magnesia  in  the  original  rock 
is  represented  by  the  area  of  the  magnesia  sector  within  the  magnesia 
circle.  There  are  indicated,  therefore,  both  the  amount  of  magnesia 
required,  on  the  assumption  that  the  silica  is  constant,  and  the  amount 
of  magnesia  actually  present  in  the  original  rock,  which  in  this  case 
is  more  than  is  necessary  to  meet  the  required  proportion  in  the 
altered  rock.  Magnesia  has  therefore  been  lost  by  an  amount  meas- 
ured by  the  area  of  the  annulus  between  the  silica  and  the  magnesia 
circles  as  they  cross  the  magnesia  sector.  If  soda  be  assumed  con- 
stant, all  constituents  other  than  soda  have  been  lost  in  amounts 
measured  by  the  difference  between  the  area  of  their  sectors  inside 
their  circles  and  that  inside  of  the  soda  circle,  which  may  be  taken 
from  radial  scale.  From  the  numbers  thus  obtained  the  percentage 
change  is  readily  calculated.  If,  at  the  other  extreme,  calcium  car- 
bonate has  remained  constant,  there  has  been  gain  of  all  other  con- 
stituents, their  circles  all  being  smaller  than  the  carbonate  circle. 
Complete  or  nearly  complete  removal  of  a  constituent  is  represented 
by  an  arrow. 

In  general  it  will  be  noted  that  the  constituents  whose  circles  lie 
outside  of  the  circle  of  the  constituent  assumed  as  constant  have  suf- 
fered loss,  while  those  whose  circles  lie  inside  have  gained.  The 
amoimt  of  gain  or  loss  is  proportional  to  the  difference  between  the 
areas  controlled  by  the  superimposed  polar  coordinates  of  the  several 
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constituents-  In  practice  a  comparison  of  size  of  circles  gives  the 
gains  or  losses  of  any  constituent  against  any  other  constituent, 
without  elaborate  calculation. 

Where  several  circles  are  of  nearly  the  same  size,  this  means  that 
the  constituents  represented  have  maintained  their  mutual  propor- 
tions during  the  alteration,  and  such  maintenance  of  mutual  propor- 
tions becomes  presumptive  evidence  that  the  group  has  remained 
essentially  constant  during  the  alteration  and  that  the  change  in 
composition  has  been  effected  by  gain  or  loss  of  other  constituents. 
It  may  be  sufficient,  therefore,  instead  i)f  regarding  each  of  the  con- 
stituents as  possible  constants,  to  consider  only  those  whose  ratio 
circles  lie  near  together.  Thus  in  the  present  illustration  the  close 
grouping  of  the  circles  representing  silica,  alumina,  and  iron  sug- 
gests that  the  constant  is  to  be  looked  for  in  this  group,  and  the 
conclusions  then  drawn  as  to  the  transfers  of  materials  are  probably 
on  safer  ground  than  they  would  be  from  assumption  of  constancy  of 
one  constituent,  without  taking  into  account  the  additional  evidence 
afforded  by  the  persistence  of  mutual  relations  within  certain  groups. 
The  diagrams  have  been  found  also  to  have  unlooked-for  value  in 
the  recording  and  comparisons  of  long  series  of  analyses,  affording 
means  for  comparison  of  composites  of  series  of  similar  alterations, 
which  would  involve  tedious  calculations  by  ordinary  mathematics. 

To  avoid  confusion,  it  may  be  stated  that  the  diagrams  represent 
weight  alone,  and  that  the  gains  and  losses  of  weights  mean  nothing 
as  to  change  in  volume,  unless  the  density  is  taken  into  account,  as 
it  may  be  on  the  same  diagrams  by  a  simple  graphic  device. 

The  attempt  has  been  made  to  make  the  above  explanation  fairly 
brief  and  nontechnical,  and  not  to  emphasize  the  mathematical 
steps  of  the  process,  in  order  to  bring  to  the  reader  the  real  simplicity 
and  usefulness  of  the  diagrams.  They  are  easily  grasped  and  under- 
stood by  the  student  when  explained  empirically,  but  when  the 
various  steps  in  the  construction  of  the  diagrams  are  mathematically 
demonstrated  the  explanation  becomes  formidable  to  the  non- 
mathematical  reader.  For  the  sake  of  those  requiring  more  tech- 
nical explanation  the  following  supplementary  account  is  given: 

On  the  base  figure  constructed  as  stated  above  the  percentage 
composition  of  any  two  rocks  may  be  readily  represented.  For 
example,  in  PI.  IX,  5,  if  the  area  of  the  whole  circle  be  taken  to 
represent  a  100-unit  mass  of  the  altered  rock  (analysis  H),  then  the 
proportional  masses  or  percentages  of  the  several  constituents  are 
shown  by  the  areas  of  the  variously  colored  sectors.  Since  the  area 
of  any  sector  varies  as  the  arc  which  subtends  it,  the  size  of  the  sec- 
tor of  any  constituent  is  readily  ascertained  by  laying  off  an  arc 
proportionate  to  the  percentage  of  that  constituent.  The  propor- 
tional masses  or  percentages  of  the  several  constituents  in  a  100-unit 
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mass  of  the  original  rock  (average  of  analyses  A  and  B)  are  shown  by 
.appropriate  areas  on  the  sectors  already  determined  from  the  analysis 
of  the  altered  rock.  The  construction  for  any  constituent  is  effected 
by  using  the  ratio  of  the  percentages  of  this  constituent  in  the  orig- 
inal and  in  the  altered  rock,  as  follows:  Lay  off  the  determined  ratio 
on  the  radial  percentage  scale  of  the  base  figure,  and  through  the 
point  thus  formed  draw  a  circle  concentric  with  the  base  circle.  The 
portion  of  the  sector  of  the  chosen  constituent  lying  within  the  circle 
thus  drawn  represents  the  amount  of  this  constituent  in  a  IGO-unit 
mass  of  the  original  rock.  In  order  to  make  this  relation  clear,  let 
us  consider  magnesia  as  an  example.  Since  the  altered  rock  (analysis 
H)  contains  6.3  per  cent  of  magnesia,  take  an  arc  of  the  base  circle 
equal  to  6.3  of  the  unit  divisions.  The  area  of  the  sector  subtended 
by  this  arc  is  6.3  per  cent  of  the  area  of  the  base  circle,  so  that  the 
sector  represents  the  number  of  unit  masses  of  magnesia  present  in 
a  100-unit  mass  of  the  altered  rock,  or,  what  is  the  same  thing,  it 
represents  the  percentage  of  magnesia  in  the  rock.  Now,  the  original 
rock  (analyses  A  and  B)  contains  3.7  per  cent  magnesia  and  the  altered 
rock  (analysis  H)  6.3  per  cent.  The  ratio  of  these  numbers,  0.59, 
expresses  the  fact  that  the  magnesia  in  a  100-unit  mass  of  the  original 
rock  is  only  59  per  cent  of  that  in  an  equal  mass  of  the  altered  rock. 
Now,  59  per  cent  of  the  base  circle  and  also  59  per  cent  of  any  sector 
lies  within  the  circle  drawn  through  point  59  on  the  radial  scale,  so 
that  the  area  common  to  the  magnesia  sector  and  the  59  per  cent 
circle  (which  may  be  called  the  magnesia  circle)  is  59  per  cent  of  6.3, 
or  3.7,  which  is  the  percentage  of  magnesia  which  it  is  desired  to 
represent. 

The  proportional  masses  or  percentages  of  the  various  constituents 
in  both  rocks  being  represented  in  the  manner  indicated,  the  com- 
pleted diagram  fmnishes  all  the  factors  necessary  for  making  any 
desired  comparisons  when  it  is  assumed  that  the  amount  of  any 
chosen  constituent  has  remained  unchanged. 

An  example  will  serve  to  indicate  the  principle  on  which  the  com- 
parisons are  made.  The  rock  of  analysis  H  has  been  derived  by 
alteration  from  the  rock  of  analyses  A  and  B.  Both  analyses  are 
represented  on  PI.  IX,  B,  Assume  silica  to  have  remained  constant, 
what  has  been  the  gain  or  loss  of  magnesia  during  alteration?  Apart 
from  the  diagram  the  change  in  magnesia  may  be  calculated  from 
the  data  given  in  the  analyses  in  the  following  manner:  A  100-unit 
mass  of  the  original  rock  contains  7.5  units  of  silica,  while  a  100-unit 
mass  of  the  altered  rock  contains  50  units  of  the  same  constituent. 
Therefore  15  units  of  the  altered  rock  contain  the  same  amount  of*^ 
silica  as  a  100-unit  mass  of  the  original  rock.  Now,  15  units  of  the 
altered  rock  contain  0.15X6.3=0.95  unit  of  magnesia.  Evidently 
there  has  been  a  loss,  since  in  100  imits  of  the  original  rock  there  are 
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available  3.7  units  of  magnesia.  Therefore,  3.7—0.95  -=  2.7  repre- 
sents the  number  of  units  of  magnesia  lost  during  the  alteration, 

2  7 
if  silica  has  remained  unchanged,  and  — ^  =  0.75,  or  75   per   cent, 

the  ratio  of  loss.  The  number  of  necessary  operations  in  this 
calculation  may  be  reduced  by  using  in  the  place  of  3.7  the  equiva- 
lent expression  0.59X6.3.     Then  the  formula  for  the  ratio  of  loss 

,                 (0.59X6.3) -(0.15X6.3)  r    •     *•  ^    j. 

becomes  -^^ ^ — -^ — — -,  or,  euminating   common  factors, 

0.59- 0.15  _  0.44    or  0  75  as  before 

~"o:59 — 0:59' ""'  ^'^^'  ^  ^^'''^^• 

Now,  by  construction,  the  diagram  gives  the  numbers  59  and  15, 

44 
which  by  substraction  gives  44;  then  ^^  gives  0.75  as  above;  or,  con- 
verting this  decimal  fraction  into  percentage  gives  75  per  cent  as  the 
loss  of  magnesia  during  the  alteration. 

From  the  above  the  following  rule  is  derived:  To  determine  the 
percentage  gain  or  loss  of  any  constituent  dming  alteration,  any 
other  constituent  being  assumed  as  constant,  read  on  the  radial  scale 
the  difference  between  the  ratios  expressed  by  the  constant-con- 
stituent circle  and  the  variable-constituent  circle,  and  divide  this  by 
the  ratio  expressed  by  the  variable-constituent  circle.  The  result 
will  be  the  percentage  gain  or  loss  of  the  variable  constituent.  Evi- 
dently gains  will  be  shown  by  ratios  greater  than  unity  and  losses 
by  ratios  less  than  unity. 

We  may  take  up  now  the  specific  inferences  which  may  be  drawn 
from  the  diagrams  under  discussion. 

If  calcium  has  remained  constant  there  has  been  a  great  increase 
of  all  the  other  constituents  and  an  increase  of  weight  of  the  rock. 
If  potassa  be  assumed  constant  there  has  been  a  considerable  gain 
of  all  other  constituents,  except  lime,  in  analyses  I  and  J,  and  a  gain 
of  all  other  constituents,  except  magnesia  and  lime,  in  analysis  H. 
If  magnesia  has  remained  constant  th^re  has  been  a  loss  in  potassa 
and  lime  and  a  gain  in  other  constituents  in  I  and  J,  and  a  gain  of  all 
constituents  except  lime  in  H. 

If  silica  and  aliunina  remain  constant  this  has  involved  a  loss  of  all 
constituents  except  soda.  The  silica  and  alumina  constants  are 
nearly  the  same  throughout.  Soda  is  the  only  substance  which, 
considered  constant,  shows  a  loss  of  all  other  constituents. 

Of  these  various  assumptions  the  constancy  of  alumina  and  silica 
seems  to  be  the  most  probable.  The  conspicuous  feature  in  the  alter- 
ation is  the  relative  increase  of  silica  and  alumina  at  the  expense  of 
calcium  carbonate.  This  means  either  (1)  that  silica  and  alumina 
have  been  introduced  from  without  to  replace  the  calcite,  in  which 
case  there  may  not  have  been  any  considerable  change  in  the  volume 
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of  the  rock  during  alteration;  or  (2)  that  calcite  has  been  taken  out 
of  the  fresh  Umestone,  leaving  the  silica  and  alumina  in  larger  pro- 
portion, in  which  case  the  weight  and,  as  will  be  shown  later,  the 
volume  has  considerably  decreased;  or  (3)  some  combination  of  these 
two  methods  has  accomplished  the  same  result.  Alternative  2  is  fa- 
vored by  the  fact  that,  while  the  alumina  has  gained  slightly  in  per- 
centage on  the  silica,  the  ratio  of  the  two  substances  in  the  fresh  and 
altered  rocks  remains  substantially  the  same,  in  the  fresh  rocks  average 
alumina  standing  to  silica  as  19  to  100,  and  in  the  altered  rocks  as 
21  to  100.  (See  analyses,  pp.  26-27,  and  PI.  X.)  The  near  accordance 
of  the  alumina  and  silica  circles  in  PL  X  brings  out  well  the  uni- 
formity of  the  ratio.  If  silica  and  alumina  have  been  added  from 
without,  it  is  a  remarkable  coincidence  that  they  should  have  been 
added  in  so  nearly  the  same  proportion  as  in  the  fresh  rock,  especially 
when  it  is  remembered  that  their  proportion  in  the  fresh  limestone 
is  not  determined  by  siUcate  ratios  but  rather  by  the  abundance  of 
chert. 

On  the  assmnption  that  alumina  remains  constant,  it  will  be  noted 
that  the  greatest  percentage  lost  is  calcium,  next  magnesia,  then 
potassa,  and  then  silica,  which  is  the  order  of  solubility  of  these  sub- 
stances in  weathering.  The  only  exception  is  soda,  which  without 
much  question  has  been  introduced  into  the  contact  phase.  It  will 
be  noted  further  that  the  composition  of  the  altered  rock  is  essen- 
tially that  of  a  calcareous  residual  clay. 

Compari9<m  of  average  fresh  Homestake  limestone  with  normal  contact  phases^   with 
alumina  {Al/)^)  assumed  to  be  constant. 
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Exceptional  corUact  phases. — These  phases  represent  introduction 
of  calcite,  iron,  and  siUca.  Analysis  L  is  of  an  iron-stained  marble 
in  a  vein.  Probably  all  of  the  constituents  are  secondary,  but  if  the 
alumina  or  siUca  is  the  same  as  in  the  fresh  limestone,  there  has  been 
a  considerable  introduction  of  iron  and  a  slight  loss  of  calcite  and 
soda,  or  if  alumina  has  remained  constant  there  has  been  also  a  gain 
28463-BoU.  33&-08 3 
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of  silica.  Sample  N  is  a  contact  phase  of  the  limestone  in  which 
there  has  been  conspicuous  introduction  of  soda,  silica,  water,  and 
iron  and  loss  of  calcite  and  potassa.  K  is  an  intermediate  stage 
between  the  fresh  Umestone  and  N. 

General  result  of  alteration, — It  is  concluded  that  in  general  there 
has  been  large  loss  of  material  from  the  limestones  at  the  contact 
without  conspicuous  introduction  of  new  material  except  soda,  but 
that  exceptional  phases  show  clearly  the  introduction  of  siUca  and 
iron.  Both  normal  and  exceptional  phases  of  the  contact  rocks  are 
cut  by  later  veins  of  calcite  and  iron  ore,  with  associated  minerals 
similar  to  those  of  the  limestone  contact.     (See  p.  85.) 

Changes  in  density  and  volume  during  contact  metamorphism. — 
Specific-gravity  determmations  of  the  fresh  and  contact  phases  of 
the  Homestake  limestone  are  as  follows : 

Specific  gravities  of  fresh  and  contact  phases  of  Homestake  limestone. 
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The  difference  between  the  gravity  determined  in  the  hand  specimen 
and  that  in  the  crushed  specimen  measures  the  pore  space.  The 
fresh  limestone  when  powdered  is  slightly  soluble  in  water,  vitiating 
gravity  determinations.  In  this  case  the  difference  between  calcu- 
lated and  measured  gravities  measures  the  pore  space,  for  there  is 
Uttle  chance  for  error  in  the  computed  gravity.  The  only  altesed 
rock  not  having  pore  space,  H,  is  made  up  largely  of  glass.  Taking 
the  glass  into  account,  there  has  been  little  average  increase  of  pore 
space  in  the  contact  rocks  as  a  group,  if  the  analyses  represent  proper 
proportions  of  contact  phases.  Leaving  this  out  of  consideration, 
the  pore  space  at  the  contact  has  increased  shghtly,  from  4  per  cent 
to  10  per  cent. 

The  calculated  specific  gravities  correspond  fairly  well  with  those 
determined  from  the  powdered  specimens,  affording  a  check  on  the 
computation  of  the  mineral  composition  from  the  chemical  analyses. 
Sample  H  is  again  an  exception  because  the  contained  glass  has  a 
specific  gravity  considerably  lower  than  that  computed  from  the  pos- 
sible mineralogical  composition  based   on  chemical   analysis.     By 
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eliminating  from  consideration  the  mica  and  iron  oxide  observed  in 
the  glass,  it  is  easy  to  determine  from  the  measured  density  of  the 
rock  that  the  density  of  the  glass  is  not  far  above  2.  Thus  the 
theoretical  complete  crystallization  of  glass  or  fused  equivalent  in  the 
contact  phase  of  the  limestone  has  involved  a^diminution  in  volume 
of  perhaps  19  per  cent,  or  about  15  per  cent  if  pore  space  be  taken 
into  account. 

It  may  be  concluded  in  general  that  the  actual  density  of  the 
altered  rocks  is  less  than  that  ot  the  fresh  limestone,  largely  because 
of  the  development  of  pore  space  and  glass,  but  that  the  densities  of 
the  minerals  of  the  altered  rocks  are  on  the  whole  slightly  higher 
than  those  of  the  fresh  limestone. 

Exceptional  contact  phases,  consisting  almost  entirely  of  silica  or 
garnet  or  other  constituents,  give  other  density  results. 

If  the  principal  chemical  change  in  the  development  of  the  contact 
phase  has  consisted  in  the  elimination  of  calcite  and  to  a  less  extent 
of  magnesia,  iron,  and  potassa,  leaving  alumina  and  silica  substan- 
tially unchanged  in  their  ratios,  as  held  to  be  possible  in  an  earlier 
paragraph  (p.  32),  this  has  involved  a  very  considerable  loss  of  weight 
(see  analyses,  p.  27),  and,  as  the  densities  of  the  fresh  and  altered 
rocks  differ  so  little,  the  loss  in  volume  also  has  been  large.  Kemp,** 
Lindgren,''  and  others  have  cited  lack  of  structural  evidence  of  dimin- 
nution  in  volume  at  Umestone  contacts  as  favoring  the  view  that 
materials  must  have  been  introduced  from  without  to  take  the  place 
of  the  calcium  carbonate.  In  the  Iron  Springs  district  the  field  evi- 
dence does  not  positively  prove  or  disprove  important  volume  change, 
but  there  is  no  apparent  field  evidence  to  contradict  the  evidence 
for  diminution  of  volume  here  calculated.  The  Umestone,  though 
tilted  away  from  the  andesite  laccoliths,  nowhere  shows  evidence  of 
crumpUng  or  crowding  where  the  bedding  can  be  observed.  In  the 
altered  phase  the  bedding  has  been  destroyed,  and  it  is  easy  to  con- 
ceive that  this  structurally  amorphous  zone  may  represent  only  a 
part  of  the  volume  of  the  original  rock,  the  calcium  carbonate  having 
been  driven  off  and  the  other  constituents  concentrated.  The 
change  in  volume  of  the  limestone  would  scarcely  be  expected  to 
stand  out  conspicuously  in  the  field  relations,  for  it  has  occurred,  if  at 
all,  in  the  band  which  now  does  not  show  original  textures  or  struc- 
tures, by  which  change  of  volume  can  be  measured  in  crumpUng  or 
folding. 

In  general  it  appears  that  there  may  have  been  important  dimi- 
nution of  volume,  accomplished  essentially  by  loss  of  materials  and 
not  by  change  of  density  of  minerals. 

a  Kemp,  J.  F.,  Ore  deposits  at  the  contacts  of  intrusive  rocks  and  limestone  and  their  significance  as 
regards  the  general  formation  of  veins;  Econ.  Geol.,  vol.  2, 1907,  pp.  1-13. 

b  Lindgren,  Waldemar,  The  copper  deposits  of  theClifton-Morenci  district,  Arizona;  Prof.  Paper  U.S^ 
Qfol,  Bprv«7  No.  43, 19Q5, 376  pp. 
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Physical  conditions  of  contact  metamorphism, — The  andesite  in  its 
molten  state  may  be  supposed  to  have  had  a  temperature  common 
to  acidic  silicate  solutions  under  similar  conditions  anywhere  from 
500^  C.  up;  probably  above  1,000^  C.  After  sufficient  heat  had 
been  communicated  to  the  limestone  to  raise  the  temperature  to 
550°  C,  expulsion  of  carbon  dioxide  began,  and  continued  during 
the  subsequent  increase  in  temperature.  For  any  given  temperature 
above  550°  C.  expelled  carbon  dioxide  has  a  definite  pressure  which 
must  find  relief,  if  liberation  of  the  carbon  dioxide  is  to  continue. 
The  nearly  complete  elimination  of  carbon  dioxide  along  the  andesite 
contact  indicates  that  the  pressure  was  not  sufficient  to  restrain  its 
exit;  that  the  pressure  was  therefore  small;  and  that  continuous 
openings  for  escape  to  the  surface  probably  existed. 

When  the  temperature  reached  1,100°  C.  there  probably  began 
the  incipient  fusion  of  the  alumina,  silica,  lime  and  magnesia,  which 
remained  in  the  limestone  in  about  the  proportions  of  a  calcareous 
clay.  The  presence  of  lime  in  clay  permits  fusion  at  about  this 
temperature.®  The  pore  space  in  the  limestones,  possibly  increased 
by  the  expulsion  of  carbon  dioxide,  was  eliminated,  probably  in  part 
by  pressure,  but  certainly  and  completely  by  fusion.  Had  the  tem- 
perature not  reached  1,100°  it  is  possible  that  a  porous  texture 
would  have  resulted,  such  as  that  sometimes  seen  along  the  lime- 
stone contacts  with  igneous  rocks,*  which  would  have  favored  the 
introduction  of  new  substances  in  the  contact  phase  to  a  larger 
extent  than  is  here  observed. 

After  the  limestone  reached  its  maximum  temperature,  probably 
somewhat  below  that  of  the  andesite  magma,  the  temperature  slowly 
fell,  allowing  fairly  coarse  crystallization  of  both  andesite  and  lime- 
stone. Local  chilling,  however,  developed  glass  in  parts  of  the 
fused  limestone  mass,  and  the  glass  remains,  at  least  in  part,  to-day. 
The  introduction  of  the  ore-bearing  solutions  accompanied  or  fol- 
lowed the  crystallization,  and  still  later  came  the  mineral-bearing 
waters  from  the  late  lavas.  The  minerals  of  these  different  periods 
are  listed  on  page  85. 

SANDY   PHASE   OF   LIMESTONE. 

The  altered  contact  phases  of  limestone  are  often  hard  to  distin- 
guish from  a  much-fractured  quartzite  or  clayey  sandstone  which 
is  locally  exposed  below  the  limestone  and  constitutes  a  part  of  the 
same  formation.  The  sandstone  lies  between  the  ore  deposits  and 
the  andesite,  or  between  the  ore  and  the  limestone.  It  is  conspic- 
uous also  in  the  limestone  patches  faulted  into  the  andesite.     In 

a  Ri66,  Hbinrioh,  and  KtUnmel,  H.  B.,  The  clays  and  clay  industry  of  New  Jersey:  Final  Rept.  State 
Geologist  New  Jersey,  vol.  6, 1904.  p.  103. 

b  Barrell.  Joseph,  The  physical  effects  of  contact  metamorphism:  Am.  Jour.  Sci.,  4th  ser.,  voL  13, 
1W2,  pp.  279-296. 
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the  largeH9cale  detail  maps  of  the  ore  deposits  (Pis.  Ill- VI,  in  pocket) 
the  lower  sandy  phase  and  the  metamorphosed  phases  of  the  blue 
limestone  have  been  separated  from  the  typical  blue  limestone  but 
not  from  each  other. 

Unless  the  structural  relations  are  clear,  both  the  sandy  and  sili- 
cated  contact  phases  of  the  limestone  are  likely  to  be  confused  with 
the  Cretaceous  sandstone  which  occurs  in  isolated  patches  in  the 
andesite. 

FOSSILS. 

The  fossils  found  in  the  Homestake  limestone  are  few  and  poorly 
preserved.  Only  one  genus,  AviculopecteUj  ranging  from  Silurian 
to  Triassic,  was  identified  by  Prof.  Eliot  Blackwelder,  of  the  Univer- 
sity of  Wisconsin.  There  are  fragments,  however,  which  appear  to 
be  referable  to  Edmondia,  a  Carboniferous  genus. 

STRUCTURAL   RELATIONS   AND   THICKNESS. 

The  Homestake  limestone  is  intruded  by  the  laccoliths.  The 
contacts  are  usually  nearly  vertical,  sometimes  because  of  later  fault- 
ing. In  a  few  localities,  as  at  the  Desert  Mound,  in  the  southwestern 
part  of  the  Iron  Mountain  laccolith,  and  south  of  The  Three  Peaks, 
the  limestone  rests  against  and  upon  the  laccolith  with  a  gently  dip- 
ping plane  of  contact,  though  locally  even  here  the  contacts  are  steep 
because  of  faulting.  In  the  circular  ridge  east  and  southeast  of  the 
Iron  Mountain  laccolith  the  dip  of  the  Pinto  sandstone  and  the  Claron 
formation  is  steeply  toward  the  andesite,  suggesting  an  overturned 
fold  in  which  the  Homestake  limestone  probably  participates. 

The  Homestake  limestone  is  overlain  conformably  by  the  Pinto 
sandstone,  with  a  shale  at  the  base. 

The  thickness  of  the  Homestake  limestone,  as  shown  by  exposures, 
ranges  from  500  to  50  feet.  The  average  thickness  has  b^en  taken  to 
be  about  200  feet.  The  variation  is  probably  due  to  intrusion  of 
laccoliths  at  different  horizons.  If  the  intrusion  has  followed  the 
base  the  variation  in  thickness  may  indicate  unconformity  with  the 
overlying  Pinto  sandstone. 

CRETACEOUS  SYSTEM.^ 

PINTO  SANDSTONE. 

DISTRIBUTION. 

The  Pinto  sandstone  for  the  most  part  borders  the  Homestake 
limestone  on  the  side  away  from  the  laccoliths.  On  the  west  side  of 
The  Three  Peaks  it  extends  several  miles  westward  from  the  band  of 
Homestake  limestone  and  disappears  under  the  desert  clays  and 

o  Jurassic  in  part,  perhaps. 
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gravels.  On  the  southwest  end  of  The  Three  Peaks  laccolith  the 
Pinto  sandstone  is  in  contact  with  the  andesite  in  several  places, 
but  farther  east  it  again  appears  in  its  normal  place  outside  of  the 
Homestake  limestone,  and  continues  until  covered  by  the  later  clays. 
The  formation  borders  the  north?  east,  and  south  sides  of  the  Home- 
stake  limestone  and  the  andesite  of  Granite  Mountain,  and  a  tongue 
extends  northward  into  the  desert.  South  and  west  of  the  Desert 
Mound  there  are  also  considerable  exposures.  Patches  are  exposed 
south  and  about  three-fourths  of  a  mile  northwest  of  Iron  Springs. 

In  the  southwest  quarter  of  the  district  a  belt  of  Pinto  sandstone 
extends  around  the  Iron  Moimtain  laccolith,  widening  out  to  the  west 
and  southwest.  A  small  area  is  foimd  southwest  of  the  Homestake 
mine,  within  the  area  of  the  Iron  Mountain  laccolith.  North  of  Iron 
Mountain  there  are  several  small  areas  of  sandstone  exposed  outside 
of  the  Claron  limestone  surrounding  the  Antelope  Range  lavas.  A 
belt  surrounds  the  Stoddard  Moimtain  intrusive,  which  is  just  on  the 
southern  edge  of  the  area  mapped. 

CHARACTER. 

The  Pinto  formation  is  composed  mainly  of  brown,  yellow,  gray, 
maroon,  and  spotted  sandstone,  both  coarse  and  fine  grained.  Inter- 
stratified  with  these  in  the  lower  part  of  the  formation  are  maroon, 
purple,  and  green  shales,  a  few  beds  of  conglomerate,  and  a  few  of 
gray,  sandy,  brecciated  limestone.  None  of  these  interstratified  beds 
are  continuous  throughout  the  area.  In  the  Granite  Mountain  and 
Three  Peaks  areas  the  lower  part  of  the  Pinto  formation  has  a  char- 
acteristic succession,  only  a  few  members  of  which  are  present  in  the 
area  about  Iron  Mountain.  A  generalized  section  for  the  first  two 
areas  is  as  follows: 

Generalized  section  of  Pinto  formation  in  Granite  Mountain  and  Three  Peaks  areas. 

Feet. 

7.  Yellowish  brown  and  gray  sandstone 1, 000+ 

6.  Conglomerate  with  interbedded  sandstone 20-40 

5.  Variegated  sandstone  and  shale 40-75 

4.  Conglomerate 8 

3.  Cherty  limestone  breccia 10-20 

2.  Maroon  and  spotted  sandstone 40-60 

1.  Purple  and  green  shale 30-50 

The  shales  (1)  at  the  bottom,  in  contact  with  the  Homestake  lime- 
stone, are  fairly  continuous,  being  found  throughout  the  northeast 
quarter  of  the  district,  and  at  one  locality  east  of  Iron  Moimtain, 
though  here  only  the  green  shale  is  present.  They  are  soft,  sandy,  and 
much  fractured. 

The  maroon  and  spotted  sandstones  (2)  are  abundantly  exposed  in 
the  northeast  quarter  of  the  area,  but  appear  locally  at  other  points, 
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as  east  of  the  Homestake  mine,  south  of  Crystal  Springs,  and  around 
the  southwest  comer  of  the  Iron  Mountain  laccolith.  They  are  com- 
paratively soft  and  friable  and  are  generally  of  a  deep  maroon  color; 
at  the  base  are  beds  of  white  sandstone  having  deep  red  spots.  The 
grains  are  mostly  quartz  and  the  different  colors  are  due  to  iron  oxide 
in  the  cement. 

The  cherty  limestone  breccia  (3),  although  thin,  is  another  char- 
,  acteristic  bed  in  the  lower  part  of  the  Pinto  formation.  It  is  present 
aroimd  The  Three  Peaks  laccolith,  north  of  the  Granite  Mountain 
laccolith,  and  east  of  the  Desert  Mound,  at  all  of  which  places  it  occu- 
pies the  same  part  of  the  series.  It  is  a  dark  grayish-blue  brecciated 
limestone.  The  fragments  vary  in  dimensions  from  a  fraction  of  an 
inch  to  6  inches,  and  are  separated  by  narrow  bands  or  veinlets  of 
chert,  which  on  weathered  surfaces  may  project  as  much  as  a  quarter 
of  an  inch  above  the  rest  of  the  rock.  Under  the  microscope  the 
fragments  appear  to  be  made  up  of  exceedingly  fine  grains  of  calcite, 
with  here  and  there  veins  of  coarser  calcite. 

The  lower  conglomerate  (4)  is  associated,  almost  without  excep- 
tion, with  the  brecciated  limestone,  but  it  is  also  found  in  parts  of 
the  district  where  the  latter  is  not  present.  Wherever  identified  it 
has  been  mapped  with  the  conglomerate  symbol.  It  is  exceedingly 
well  cemented,  so  that  on  breaking,  the  fractures  occur  for  the  most 
part  through  the  pebbles  instead  of  around  them.  This  is  true 
especially  in  the  northeast  quarter  of  the  area.  The  pebbles  are 
chiefly  quartz,  black  chert,  quartzite,  and  dark  limestone,  the  latter 
probably  being  obtained  from  the  Homestake  formation.  The 
matrix  is  composed  of  rather  fine-grained  sand,  the  whole  being  well 
cemented  by  silica. 

Between  the  lower  and  upper  conglomerates  there  are  a  number 
of  sandstone  and  shale'  beds  (5),  none  of  which  are  continuous  over 
any  considerable  area.  West  of  The  Three  Peaks  the  lower  part 
is  characterized  by  Ught-green  shale  about  20  feet  in  thickness, 
overlain  by  a  purple  shale  about  half  as  thick.  Above  this  are 
fine-grained  flaggy  sandstones,  white,  gray,  and  mottled  in  color. 
West  of  Granite  Mountain  and  south  of  The  Three  Peaks  the  shales 
are  entirely  absent,  being  replaced  by  coarse-  and  fine-grained 
sandstone. 

The  upper  conglomerate  (6)  appears  throughout  most  of  the 
northeast  quarter  of  the  area.  It  consists  of  heavy  conglomerate 
layers  alternating  with  thin  layers  of  sandstone,  the  pebbles  com- 
posing the  former  being  of  the  same  kind  as  those  of  the  lower 
conglomerate  but  as  a  rule  larger,  especially  where  the  formation 
is  thick,  and  less  firmly  cemented.  Around  the  Iron  Mountain 
laccolith  only  one  conglomerate  is  present,  presumably  the  lower, 
since  at  several  places  a  maroon  sandstone  is  found  between  it  ejid 
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the  Homestake  formation.  In  the  northeast  quarter  of  the  district 
this  conglomerate  also  has  been  mapped. 

Above  the  conglomerate  beds  throughout  the  district  is  a  great 
thickness  of  gray,  yellowish-brown,  or  red  sandstones  (7),  forming  by 
far  the  largest  part  of  the  Pinto  formation.  These  are  normally 
coarse  and  friable,  but  where  parts  of  the  Pinto  formation  come  in 
contact  with  the  laccolithic  andesite  they  are  fine  grained  and 
quartzdtic.  The  sandstone  becomes  coarser  in  its  upper  part,  and 
near  the  top  contains  a  layer  of  coarse  conglomerate.  During  the 
erosion  interval  at  the  end  of  the  Cretaceous  this  conglomerate  was 
so  largely  removed  that  at  present  it  is  foimd  only  locally  near  the 
overiying  Eocene  deposits. 

Limestone  lenses  appear  in  the  Pinto  sandstone  along  the  south- 
western edge  of  The  Three  Peaks,  immediately  southwest  of  Iron 
Springs,  and  in  the  middle  of  the  valley  halfway  between  these  areas. 
Other  lenses  are  exposed  in  Oak  Springs  Flat,  east  of  Iron  Moimtain, 
where  they  are  partly  obscured  by  late  unconsolidated  deposits. 
These  lenses  are  in  the  lower  part  of  the  Pinto  forination,  but  their 
exact  position  in  the  preceding  succession  is  not  known. 

The  Umestones  are  much  fractured  and  brecciated.  Their  color 
varies,  in  different  parts  of  the  district,  from  dark  gray  to  light  gray 
and  even  pink.  The  latter  is  very  much  Uke  the  Claron  limestone 
and  is  distinguished  from  it  only  by  its  brecciated  character. 

CONTACT   METAMORPHISM    BY    LACCOLITHS. 

At  or  near  the  contact  of  the  Pinto  sandstone  with  the  laccolithic 
andesite  the  sandstone  is  quartzitic,  and  the  yellow,  brown,  and 
red  colors  are  replaced  by  gray  and  white.  In  places  the  rocks  are 
mottled  or  have  concentric  dark-colored  rings  (PI.  XXI,  A,  p.  74), 
which,  under  the  microscope,  appear  to  be  irregular  aggregates  of 
small  elongated  crystals  of  colorless  amphibole.  The  metamorphism 
is  commonly  noticeable  for  a  few  hundred  yards  from  the  contact,  and 
west  of  Iron  Mountain  it  is  seen  as  far  as  a  quarter  of  a  mile. 

FOSSILS. 

No  fossils  were  found  in  the  Pinto  sandstone.  This  absence  of 
fossils  and  the  association  of  red  sandstones  and  shales  suggest  ter- 
restrial deposition. 

STRUCTURAL    RELATIONS    AND   THICKNESS. 

The  relations  of  the  Pinto  sandstone  to  the  underlying  Homestake 
limestone  have  already  been  discussed.  The  relations  with  the 
overljdng  Claron  formation  are  unconformable,  as  evidenced  by  a 
basal  conglomerate  and  by  the  partial  erosion  of  certain  well- 
recogmz&hXe  beds  near  the  top  of  the  formation.     There  seems  to  be 
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little  unconformity  of  dip,- however,  indicating  that  the  period  of 
erosion  between  Cretaceous  and  Tertiary  was  not  characterized  by 
folding. 

In  general  the  Pinto  sandstone  dips  steeply  away  from  the  lac- 
coliths, but  south  of  The  Three  Peaks,  at  the  Desert  Mound,  and 
west  of  Iron  Mountain  the  dip  is  gentle.  East  of  Iron  Mountain 
the  dip  is  steeply  toward  the  laccoUth ;  to  the  southeast  it  gradually 
becomes  vertical ;  and  south  of  Iron  Mountain  it  is  steeply  away  from 
the  laccolith.  East  of  Upper  Point,  south  of  Joel  Springs  Canyon, 
and  elsewhere  the  beds  are  nearly  horizontal. 

It  is  hard  to  determine  the  thickness  of  the  Pinto  formation  because 
of  the  abundance  of  faults.  The  greatest  thickness  exposed  in 
cliffs  is  about  600  feet,  but  thicknesses  across  the  formation  southeast 
of  Iron  Mountain,  calculated  from  the  dip  and  w^dth  of  exposure, 
are  as  high  as  3,500  feet.  The  average  thickness  is  considerably 
over  1,000  feet. 

TEBTIART  SYSTEM  (EOCENE). 

CLARON  LIMESTONE. 

DISTRIBUTION. 

The  Claron  formation  surrounds  the  laccoliths  outside  of  the  Pinto 
sandstone.  In  the  northeast  quarter  it  occupies  an  area  just  inside 
of  the  north  boundary  of  the  area  shown  on  the  map.  It  is  much 
faulted,  giving  an  irregular  contact  between  it  and  the  Pinto  sand- 
stone to  the  south. 

East  of  Granite  Moimtains  the  Claron  limestone  occupies  an  area 
which,  on  accoimt  of  faulting,  is  broad  at  the  north  and  narrow  at 
the  south  and  west.  Narrow  strips  of  the  formation  follow  the  north- 
western base  of  the  Swett  Hills. 

Southwest  of  the  Antelope  Range  the  Claron  limestone  comes  out 
from  imdemeath  the  lavas  and  extends  eastward  to  where  it  is  cov- 
ered by  the  Pleistocene  lake  deposits  and  southward  to  where  it  has 
been  eroded  away  from  the  underlying  Pinto  sandstone.  In  Chloride 
Canyon,  southwest  of  the  Antelope  Range,  and  northwest  of  Iron 
Moimtain  it  appears  again,  owing  to  the  erosion  of  the  overlying  lavas. 

The  largest  area  of  Claron  limestone  in  the  district  borders  the 
eastern  and  southern  sides  of  Iron  Mountain,  then  goes  outside  of  the 
area,  but  reappears  west  of  Iron  Mountain,  on  the  border  of  the  area 
shown  on  the  map.  Both  by  its  distribution  and  by  its  structure  it 
brings  out  well  the  laccolithic  shape  of  the  andesite  mass. 

On  the  northeast  side  of  the  Harmony  Mountains  little  areas  of 
Claron  limestone  are  brought  up  by  faulting.  It  appears  also  west 
of  the  Stoddard  Mountain  intrusive. 
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CHARACTER. 

The  Claron  formation  is  mainly  limestone  with  numerous  thin 
layers  of  conglomerate  and  a  few  heavy  beds  of  sandstone.  It  is 
separated  from  the  Cretaceous  sandstones  by  a  basal  conglomerate 
2  to  25  feet  thick,  made  up  of  coarse  quartzite  pebbles  where  it  is 
thick  and  of  finer  pebbles  where  it  is  thin.  Below  it  is  generally  a 
soft,  pink,  calcareous  sandstone  or  soft  limestone,  which  probably 
represents  residual  material  from  the  weathering  of  the  Pinto  forma- 
tion formed  before  the  deposition  of  the  Eocene.  It  is  only  a  few 
feet  thick  and  under  it  are  the  red  and  yellow  sandstones  of  the 
Cretaceous.  Locally  the  underlying  Cretaceous  bed  is  a  coarse  con- 
glomerate difficult  to  distinguish  from  the  basal  conglomerate  of  the 
Claron  formation.  In  most  places  it  was  eroded  away  before  the 
deposition  of  the  Claron.  Above  the  basal  conglomerate  is  another 
conglomerate,  thin  and  sandy,  with  small  pebbles,  and  discontin- 
uous. It  is  like  numerous  other  conglomerates  interbedded  with 
the  limestone  higher  up  in  the  formation.  These  as  a  rule  are  thin 
and  any  single  bed  is  not  continuous  over  a  large  area.  The  pebbles 
are  small  and  are  separated  by  a  matrix  of  coarse  sandstone.  They 
are  mainly  quartzite,  limestone,  quartz,  and  chert,  in  varying  pro- 
portions in  the  different  beds.  The  conglomerate  beds  may  grade 
laterally  into  coarse  sandstone  beds. 

The  principal  part  of  the  formation  is  a  sandy  limestone  varying 
from  white  and  gray  to  pink,  red,  and  purple.  On  weathering,  the 
sand  grains,  being  less  easily  dissolved,  protrude  above  the  surface  and 
give  it  a  rough  pitted  appearance.  Some  of  the  layers  have  spherical 
and  irregular  cherty  concretions  which  vary  from  less  than  half  an 
inch  to  an  inch  or  more  in  diameter.  The  limestones  are  more  resis- 
tant to  erosion  than  the  sandstones  and  conglomerates  of  the  Eocene 
and  Cretaceous,  and  hence  form  cliffs  and  ridges  above  them.  On 
weathering  they  acquire  bright-red  colors,  making  the  exposures  con- 
spicuous for  many  miles. 

Heavy  yellowish-brown  sandstone  beds  containing  a  number  of 
discontinuous  layers  of  conglomerate  are  interbedded  with  the 
Umestones.  Owing  to  faulting,  it  is  hard  to  tell  the  thickness  of 
these  sandstones,  but  it  may  be  several  hundred  feet.  In  some  places 
they  are  distinguished  with  difficulty  from  the  Cretaceous  sandstone. 
Criteria  for  their  identification  are  their  occurrence  in  the  midst  of 
Tertiary  rocks,  and  the  absence  of  a  basal  conglomerate  between 
them  and  the  overlying  limestone  and  conglomerate  beds.  The 
first  of  these  might  be  caused  by  faulting,  but  the  invariable  absence 
of  the  basal  conglomerate  in  such  cases  was  taken  as  evidence  that 
they  were  Tertiary. 


6Ei)tMENTARY   FORMATIONS.  43 

FOSSILS. 

No  fossils  were  found  in  the  Eocene  limestone,  but  a  number  were 
found  in  the  limestone  and  chert  pebbles  of  the  conglomerate  beds. 
The  following  forms,  which  are  mainly  Carboniferous,  were  identified 
by  Prof.  EUot  Blackwelder: 

Fossils  from  the  Claron  limestone. 


Spirifer  sp. 

Zaphrentis  sp. 

Crinoid  stems  and   bryozoans. 


Productus  sp. 
Fenestella  sp. 
Lithostrotion  sp. 
Rhynchonella  sp. 

They  show  only  that  the  Claron  sediments  are  post-Carboniferous. 

STBUCTURAL   RELATIONS    AND   THICKNESS. 

The  relations  of  the  Claron  Umestone  to*  the  underlying  Pinto 
sandstone  have  been  discussed.  On  the  upturned  and  eroded  edges 
of  the  Claron  limestone  Ue  the  Tertiary  lavas  in  nearly  horizontal 
beds. 

The  dips  of  the  Claron  limestone  are  slightly  less  than  those  of  the 
Pinto  sandstone  because  of  their  greater  distance  from  the  laccoliths. 
In  a  few  places  the  beds  are  nearly  horizontal,  as  south  of  Joel 
Springs  Canyon  and  at  Mount  Claron. 

A  large  amount  of  faulting  has  taken  place  in  Eocene  areas,  some 
of  which  has  undoubtedly  remained  undetected  because  of  the 
similarity  of  different  parts  of  the  formation.  Most  of  it  dated 
after  the  laccolithic  intrusion  and  before  the  later  lavas  were  poured 
over  the  area,  as  shown  by  the  fact  that  certain  of  the  limestone 
areas  are  much  faulted  while  the  adjacent  lava  beds  are  undisturbed. 
A  few  faults  traverse  both  formations  indiscriminately,  thus  showing 
a  later  period  of  faulting. 

The  thickness  of  the  Claron  formation  varies  in  different  parts  of 
the  quadrangle,  owing  to  erosion  both  before  and  after  the  laccolithic 
intrusion.  The  average  thickness  is  about  1,000  feet,  but  all  esti- 
mates are  largely  vitiated  by  faulting. 

CONTACT   METAMORPHISM   BY    EFFUSIVES. 

Adjacent  to  the  lavas  the  limestone  has  a  layer  of  white,  gray, 
or  red  chert,  chalcedony,  and  moss  agate  or  jasper,  which  is  some- 
times 10  to  15  feet  in  thickness.  The  red  moss  agates  and  jaspers 
are  colored  with  iron.  With  these  cryptocrystalline  varieties  of 
quartz  is  often  associated  a  white  powdery  calcium  carbonate, 
apparently  deposited  by  hot  springs.  This  is  especially  abundant 
north  of  the  Eightmile  Hills.  The  same  powdery  carbonate  is 
frequently  associated  with  the  ore  deposits. 
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At  Chloride  Canyon  and  elsewhere  the  limestone  contains  mineral 
veins  near  the  contact  with  the  lavas.  The  minerals  are  mainly 
calcite,  barite,  and  quartz,  with  subordinate  amoiints  of  galena, 
pyrite,  chalcopyrite,  siderite,  limonite,  magnetite,  and  copper  car- 
bonates. Gold  and  silver  are  reported,  the  latter  probably  being 
present  in  the  galena.  Similar  mineral  veins  are  foxmd  in  the  Home- 
stake  limestone,  both  associated  with  and  away  from  iron-ore  deposits. 

QUATERNARY  SYSTEM. 

PLEISTOCENE  CONGLOMERATE. 

The  Pleistocene  conglomerate  is  exrposed  only  east  of  Antelope 
Springs,  in  the  northwest  comer  of  the  area,  where  it  occupies  a 
Uttle  embayment  in  the  lava  area.  To  the  north  it  is  covered  by 
later  lake  and  outwash  deposits.  In  the  Pleistocene  conglomerate 
area  a  few  exposures  of  Tertiary  limestone  and  conglomerate  were 
noted,  but  it  was  not  possible  to  tell  whether  these  were  outcrops 
of  actually  underlying  formations  or  merely  huge  bowlders  partly 
buried.  There  being  no  definite  proof  of  the  former,  these  exposures 
were  not  mapped.  The  formation  is  probably  present  west  of  The 
Three  Peaks,  overlying  the  Cretaceous  and  overlain  by  surface 
deposits,  but  only  one  outcrop  was  found  and  this  was  too  small  for 
the  scale  of  the  map. 

The  conglomerate  is  composed  of  both  rounded  and  irregularly 
shaped  fragments  of  limestone,  chert,  sandstone,  and  lavas,  derived 
from  immediately  adjacent  rock  formations  and  cemented  by  a 
reddish  sandy  calcareous  material,  forming  in  places  a  ifairly  well- 
consoUdated  rock.  It  is  rather  thinly  bedded,  some  of  the  beds 
being  made  up  of  coarse  conglomerate,  and  others  of  finer  sandy 
materials.  From  the  thinly  bedded  character  and  rapidly  varying 
materials  of  the  different  beds  it  seems  clear  that  the  formation  is  of 
fluviatile  or  terrestrial  origin,  deposited  by  streams  as  they  emerged 
from  the  mountainous  areas. 

The  Pleistocene  conglomerate  is  unconformable  upon  the  Tertiary 
lava  series,  in  horizontal  beds  which  retain  no  evidence  of  faulting. 
Its  thickness  is  not  known,  but  it  is  Ukely  not  more  than  200  feet  at 
the  most. 

PLEISTOCENE  AND  RECENT  GRAVEL,  SAND,  AND  CLAY. 

Gravel,  sand,  and  clay,  derived  from  the  neighboring  rock  hills, 
cover  the  lower  slopes  of  the  hills  and  the  desert  areas  as  lake,  stream, 
and  outwash  deposits.  To  the  east  are  the  deposits  of  Rush  Lake 
Valley,  which  run  northeastward  along  the  Colob  front.  To  the 
west  and  north  are  the  deposits  of  the  Escalante  Desert,  which 
extend  35  or  40  miles  westward  and  far  to  the  north. 
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In  the  Escalante  Desert  clay  is  found  mainly  along  the  washes 
and  in  the  low  areas  bordering  them,  while  the  gravels  and  sands 
are  found  in  the  areas  between  the  washes.  These  coarser  materials 
are  fairly  well  rounded  and  appear  to  have  been  sorted. 

The  area  around  Shirts  Lake  is  composed  of  fine  clay  with  a  white 
coating  of  alkaline  carbonates.  Around  the  entrance  to  Leach  Can- 
yon and  in  Rush  Lake  Valley  east  of  Iron  Springs  are  rolling  hills 
of  coarse  subangular  and  rounded  gravels,  similar  to  those  in  the 
Escalante  Desert. 

Outwash  fans  of  fine  and  coarse  angular  material  border  all  the 
hilly  areas  and  extend  out  into  the  desert  for  half  a  mile  or  more. 
Some  of  these  are  perfectly  fan  shaped,  but  in  general  the  separate 
fans  encroach  upon  one  another  laterally  arid  form  continuous 
outwash  aprons  along  the  borders  of  the  hills.  They  have  a  rela- 
tively steep  slope  near  the  hills  and  gradually  become  less  steep  until 
they  merge  imperceptibly  into  the  flat  deserts. 

These  are  the  latest  deposits  in  the  area,  and  they  are  still  accu- 
mulating.    Their  thickness  is  not  known. 


CHAPTER  IV. 
IGNEOUS  ROCKS. 

The  igneous  rocks  of  the  district  are  both  intrusive  and  efTusive. 
The  intrusives  are  biotite  andesite  laccoliths  intruded  into  the  Paleo- 
zoic and  to  a  less  extent  into  the  Mesozoic  rocks  after  the  deposition 
of  the  Tertiary  sediments.  The  effusives  are  later  and  form  a  bedded 
series  varying  in  thickness  from  1,000  to  2,000  feet  and  consisting 
of  rhyolitic,  trachytic,  and  andesitic  flows,  tuffs,  and  breccias. 

The  lavas  rest  on  the  eroded  and  upturned  edges  of  the  Eocene 
and  Cretaceous  sediments,  indicating  a  considerable  period  of  erosion 
between  the  intrusion  of  the  biotite  andesite  and  the  outpouring  of 
the  effusives.  The  latter  have  been  correlated  with  the  Miocene 
lavas  of  the  Wasatch  Mountains,  hence  the  andesite  intrusion  is 
post-Eocene  and  probably  early  Miocene. 

The  Quaternary  basalts,  present  on  all  sides  of  the  area,  are  not 
present  within  the  district. 

liACCOIilTHS  (BARIiY  MIOCENE). 

DISTRIBUTION    AND   STRUCTURE. 

The  laccoliths  are  exposed  in  three  main  areas  forming  the  cores 
of  the  principal  mountains  of  the  district — The  Three  Peaks  and 
Granite  Mountain  in  the  northeastern  and  Iron  Mountain  in  the 
southwestern  part.  A  fourth,  Stoddard  Mountain,  lies  mainly  beyond 
the  southwest  side  of  the  area  mapped.  The  laccolith  areas  are  cir- 
cular, with  local  irregularities  due  to  faulting  and  other  causes. 
Northwest  of  the  The  Three  Peaks  a  small  area  of  biotite  andesite 
is  brought  up  in  contact  with  the  Claron  limestone  by  a  great  fault. 
Northwest  of  Iron  Mountain  a  wide  dike  of  andesite  breaks  through 
the  Pinto  sandstone  a  short  distance  from  the  main  laccolithic  mass, 
while  to  the  southwest,  surrounded  by  sediments,  are  several  small 
andesite  areas,  parts  of  the  large  andesitic  mass  exposed  through 
erosion  of  the  low-dipping  overlying  limestone.  In  The  Three  Peaks 
and  Iron  Mountain  laccolithic  areas  there  are  small  patches  of  sedi- 
ments faulted  down  into  the  andesite  or  left  as  erosion  remnants. 

In  general  the  sediments  dip  away  from  the  andesite,  although 
locally,  as  east  of  Iron  Moimtain,  the  dip  is  steeply  toward  it,  sug- 
gesting overturned  strata.  The  strike  of  the  beds  is  always  parallel, 
^qr,  ne?ir!y  so,  to  the  andesite  contact,  except  where  faulting  has 
,16 
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caused  irregularities  of  structure.  Individual  strata  of  sediments 
may  be  followed  almost  entirely  around  the  andesite  areas.  The 
contact  with  the  sediments  is  commonly  steep  and  the  dip  of  the 
sediments  less  steep.  Less  commonly  both  the  dip  of  the  contact 
and  of  beds  is  low.  The  dip  of  beds  and  contact  varies  with  depth 
of  erosion.  Nowhere  has  erosion  exposed  the  base  of  the  laccoliths, 
though  the  tops  are  well  stripped.  The  maximum  thickness  exposed 
is  1,600  feet. 

The  circular  outline  of  the  intrusions,  the  manner  in  which  the 
sediments  encircle  them  and  rest  against  and  upon  them,  and  the 
texture  of  the  andesite  favor  the  view  that  they  are  laccoliths  (PI.  II, 
pocket).  With  their  relations  to  the  sedimentary  rocks,  the  only 
alternative  explanation  would  be  that  of  a  batholitic  intrusion,  and 
against  this  stands  their  texture  and  the  lack,  in  the  surrounding 
sediments,  of  the  schistosity  that  often  characterizes  a  plutonic 
contact.  It  is  with  some  confidence,  therefore,  that  the  andesite 
masses  are  concluded  to  be  laccoliths,  notwithstanding  the  lack  of 
direct  observation  of  shape  of  the  lower  parts. 

According  to  Gilbert's  study  of  the  laccoliths  of  the  Henry  Moun- 
tains,** the  pressure  of  injection  remaining  constant,  the  limital  area 
of  a  laccolith  is  a  direct  function  of  its  depth  beneath  the  surface.  The 
Umital  area  is  greater  when  the  depth  is  greater,  and  less  when  the 
depth  is  less.  A  laccolith  with  the  diameter  of  the  Iron  Mountain 
laccolith  would  require  a  minimum  of  7,000  feet  of  covering.  A 
possible  covering  of  about  4,500  feet  can  be  measured  on  the 
eroded  edges  of  the  surroimding  sediments.  If  Gilbert's  conclu- 
sion be  a  soimd  one,  it  may  be  inferred  that  in  the  Iron  Springs  dis- 
trict certain  sediments  have  been  completely  removed  by  erosion. 
His  calculation,  however,  is  based  on  the  assumption  that  the  sedi- 
ments have  been  elastic  and  free  to  slide  one  over  the  other  during 
the  intrusion.  If,  on  the  other  hand,  the  overlying  sediments  have 
any  considerable  strength,  developing  resistance  beyond  that  afforded 
by  the  weight,  the  size  of  the  laccolith  would  be  proportionally 
increased.  Such  resistance  may  well  be  possessed  by  the  Homestake 
Umestone,  which  in  all  but  a  few  places  immediately  overlies  the 
laccolith,  and  the  large  size  of  the  Iron  Springs  laccoliths  may  be 
due  to  this  cause  rather  than  to  any  greater  depth  of  covering  than 
can  be  measured  on  the  sediments  now  present  in  the  area. 

A  similar  conclusion  as  to  the  factors  determining  the  horizon  of 
the  laccoliths  is  reached  from  a  consideration  of  densities.  The 
density  of  the  andesite  is  2.65.  The  mean  density  of  the  rocks  known 
to  overlie  it  is  about  2.54.  Gilbert  argues  for  the  Henry  Mountains 
that  the  laccoliths  came  to  rest  in  such  a  position  that  their  density 

o Gilbert,  O.  K.»  "BMQort  on  tbe  geology  of  the  Henry  Moimtains:  U.S.  Geog.  and  Oeol.  Surv. 
Rod7  Mtn.  Region,  9^  e<|H  1880.  p.  84. 
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is  slightly  above  the  mean  density  of  any  combination  of  the  over- 
lying sediments.  The  density  of  the  Iron  Springs  laccoUths,  now 
2.65,  was  considerably  lower  before  solidification,  presumably  lower 
than  2.54,  the  mean  density*of  the  overlying  sediments,  suggesting 
that  the  Iron  Springs  laccoliths  came  to  rest  not  in  places  deter- 
mined by  the  law  of  hydrostatic  equilibrium  but  in  places  determined 
by  the  competency  of  the  restraining  Umestone  and  sandstone  strata; 
in  other  words,  the  Iron  Springs  laccoliths,  if  their  density  at  the 
time  of  the  intrusion  was  that  common  to  acidic  intrusives  of  this  type, 
would  have  been  intruded  more  nearly  at  the  surface  had  it  not 
been  for  the  strength  of  the  restraining  limestone. 

PETROGRAPHY. 

The  intrusive  andesite  is  the  rock  with  which  the  iron-ore  deposits 
are  associated.  Deposits  are  found  on  the  borders  of  all  the  andesite 
areas  except  Stoddard  Moimtain,  where  its  absence  is  probably  due 
to  the  absence  of  limestone. 

The  rock  is  a  light-gray  biotite  andesite  with  porphyritic  texture. 
The  phenocrysts,  consisting  of  feldspar,  biotite,  hornblende,  and 
diopside,  are  numerous,  occupying  more  than  half  of  the  rock  mass, 
and  varying  in  size  up  to  an  eighth  of  an  inch  in  diameter.  The 
most  abimdant  phenocryst  is  plagioclase  of  the  variety  labradorite, 
but  orthoclase  is  occasionally  present.  A  large  number  of  feldspars 
show  zonal  growth.  They  are  comparatively  fresh,  showing  altera- 
tion only  along  cracks,  along  lines  of  zonal  growth,  and  on  the  sur- 
face. The  alteration  products  are  calcite,  kaolin,  quartz,  and  seri- 
cite,  typical  katamorphic  products.  The  next  most  abimdant 
phenocryst  is  biotite,  in  shiny  black  hexagonal  plates,  often  altered 
to  phlogopite  with  a  golden  luster  and  frequently  having  reaction ' 
rims  of  magnetite.  In  the  Stoddard  Mountain  area  and  parts  of  the 
other  areas,  the  biotite  is  almost  entirely  decomposed  to  ferrite.  In 
a  few  cases  it  has  altered  to  green  chlorite.  The  biotite  has  abun- 
dant inclusions,  mainly  apatite  but  sometimes  quartz,  magnetite 
and  zircon.  The  hornblende  is  generally  in  dark-green  prismatic 
crystals,  with  inclusions  of  magnetite,  biotite,  and  quartz.  Like 
the  biotite,  the  hornblende  in  the  andesite  of  the  Stoddard  Mountain 
area  is  almost  entirely  decomposed  to  ferrite.  The  diopside  is  of  a 
light-green  color,  and  is  noticeably  associated  with  magnetite,  which 
is  present  as  inclusions  and  aroimd  the  borders.  It  is  generally 
more  or  less  altered  to  uraUte  along  cracks  and  around  the  border. 
Fragments  of  magnetite  are  abimdant  throughout  the  rock.  Ferrite 
is  present  as  an  alteration  product  of  the  ferrous  silicates. 

The  groimdmass  is  cloudy  from  alteration,  but  seems  to  be  com- 
posed mainly  of  fine  crystalline  quartz  and  feldspar,  both  orthoclase 
and  plagioclase.  Biotite,  hornblende,  pyroxine,  and  magnetite  are 
also  represented,  but  less  abimdantly. 
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The  biotite  andesite  has  the  same  texture  and  mineral  composition 
throughout  the  different  areas.  The  absence  of  marginal  facies  (as 
a  basic  edge),  dikes,  and  pegmatic  veins  is  especially  noticeable. 

METAMORPHISM   OF   ANDESITE    BY   THE   ORE-BEARING    SOLUTIONS. 

Near  its  contact  with  the  ores  for  a  few  feet  the  andesite  takes  on  a 
^eenish-yellow  color  and  dense  texture,  very  similar  to  that  of  the 
silicated  limestone  at  the  andesite  contact.  The  two  are  wdth 
great  difficulty  discriminated.  The  grain  of  the  contact  phase  is  much 
finer  than  that  of  the  main  mass  of  the  andesite.  The  groundmass 
consists  of  finely  crystalline  feldspar  and  quartz,  principally  the 
former,  cloudy  with  dark  clayey-looking  material,  much  of  it  not 
recognizable,  but  some  of  it  in  the  larger  masses  clearly  muscovite 
and  rarely  chlorite.  The  contact  between  the  altered  phase  and 
the  fresh  andesite  is  sharp. 

A  comparison  of  the  analyses  of  the  fresh  and  contact  phases  by 
the  circular-diagram  method  (Pis.  XIII  and  XIV)  brings  out  clearly 
the  fact  that  at  the  contact  the  conspicuous  change  has  been  the 
introduction  of  soda.  All  other  constituents  show  a  possible  loss, 
though  ferric  iron  has  developed  at  the  expense  of  ferrous  iron.  In 
the  present  state  of  development  of  the  district  it  is  not  possible  to 
secure  specimens  from  horizons  surely  below  the  influence  of  weath- 
ering. It  may  be  that  the  oxidation  of  the  ferrous  iron  here  indi- 
cated is  really  a  superposed  weathering  effect. 

When  the  normal  weathered  andesite  from  the  surface  is  compared 
with  the  fresh  andesite,  as  in  the  following  table  (see  also  PI.  XII,  5, 
p.  30),  the  change  is  found  to  be  of  quite  a  different  character  from  that 
along  the  ore  contacts.  All  constituents,  including  soda,  show  a 
loss  relative  to  the  alumina,  as  in  PI.  XII,  B, 

Analyses  of  fresh  and  altered  andesites. 
[Analyst,  R.  D.  Hall,  University  of  Wisconsin.] 


A. 

B. 

C. 

D. 

E. 

Si02 

G5  29 

11.57 

2.10 

2.(i7 

2.87 

4.85 

2.10 

5  18 

.50 

1.82 

.22 

.17 

03  (i3 

15.  04 

3.59 

93 

2  32 

4.40 

1.70 

5.22 

.40 

1.70 

.15 

.05 

65  80 

14.48 

3.90 

.70 

2.35 

3.19 

3.78 

3.32 

12 

2.71 

.12 

.06 

63.82 
14.28 
2.72 

.81 
5.98 

.70 
3.02 
4.24 
2.30 
1.68 

.04 

.04 

63.76 

AI1O3                 

16.05 

FejOi 

1.91 

FeO             

.58 

MgO 

2.46 

CaO                

4.25 

NaiO 

6.26 

KjO             

2.84 

HjO- 

1.22 

HtO+          .  . 

.93 

PjOs 

.28 

BaO 

None. 

99.34 

99.79 

100.69 

100.23 

100.54 

A.  Specimen  46612.    Fresh  andesite  east  of  Granite  Mountains. 

B.  Specimen  46377.    Weathered  andesite  from  Deseit  Mound. 

C.  Specimen  46433.    Altered  andesite  near  iron-ore  contact  from  Blowout,  south  of  Iron  Mountain. 

D.  Same  nearer  iron  ore  contact. 

E.  Specimen  46481.    Altered  andesite  near  iron-ore  contact  from  Emma  claim  on  east  slope  of  Iron 
Mountain. 
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EFFU8IVES  (JjATE  MIOCENE). 

DISTRIBUTION    AND    STRUCTURE. 

The  effusives  occupy  two  main  areas  in  the  district — the  Antelope 
Range  area  and  the  Swett  Hills,  Eightmile  Hills,  and  Harmony 
Mountains  area.  There  are  small  exposures  at  Upper  Point,  in  the 
northeastern  quarter,  and  northwest  of  Iron  Mountain. 

There  is  a  succession  of  9  flows  in  the  following  order: 

Smr£Ssion  of  lava  flows  in  Iron  Springs  district. 

Feet. 

9.  Biotite-hornhlende-pyroxene  andesite 200 

8.  Late  tuffaceous  rhyolite  (Antelope  Range) 400 

7.  Biotite  dacite 300 

6.  Pyroxene  andesite  agglomerate  and  breccia 100 

5.  Latest  trachyte 150-300 

4.  Hornblende  andesite  breccia  and  agglomerate 150 

3.  Later  trachyte 50 

2.  Early  tuffaceous  rhyolite 300-400 

1.  Early  trachyte 50-600 

Of  these  Nos.  1,  2,  5,  and  7,  extend  throughout  the  area  and  for  a 
number  of  miles  to  the  south  and  west,  while  the  rest  are  present  only 
in  parts  of  the  district.  There  is  little  evidence  of  erosion  between  the 
successive  flows,  unless  the  absence  of  certain  beds  in  different  places 
be  taken  as  such.  The  oldest  formation  forms  the  border  of  the  lava 
series  and  inside  of  this  successively  younger  flows  outcrop,  the  latest 
in  the  center.  Ix)cal  faulting  and  sheets  of  outwash  deposits  have 
somewhat  obscured  these  relations  in  places. 

The  Antelope  Range  lavas  occupy  a  broad  syncline  pitching  to  the 
northeast,  while  those  of  the  Swett  Hills  and  Harmony  Mountains 
have  a  general  eastward  dip  and  are  not  folded. 

PETROGRAPHY. 

Early  trachyte. — The  rocks  of  the  early  trachyte  bed  differ  consider- 
ably in  texture  in  different  parts  of  the  district  as  well  as  in  different 
parts  of  the  series.  The  color  and  mineralogical  character,  however, 
remain  the  same  throughout  the  district.  In  general  the  rocks  are 
dark  and  dense  with  few  phenocrysts,  principally  feldspar,  subor- 
dinately  biotite. 

In  the  Antelope  Range,  where  it  is  typically  exposed,  the  main  part 
of  the  formation  is  a  dense  dark-red  or  purple  porph3n'itic  trachyte 
with  very  few  phenocrysts.  The  phenocrysts  are  mainly  orthoclase, 
and  to  a  less  extent  plagioclase,  of  the  variety  andesine-labradorite. 
Both  feldspars  show  Carlsbad  twinning.  They  are  altered  along 
cracks  and  on  the  borders  to  quartz  and  calcite.  The  groundmass  is 
dense,  and  in  some  layers  contains  amygdules,  which  are  partly  or 
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entirely  filled  with  quartz  and  chalcedony.  Near  its  base  the  trachyte 
in  places  becomes  ferruginous,  yielding  from  6  to  7  per  cent  of  iron. 

The  upper  30  feet  of  the  bed  has  a  somewhat  varying  character  in 
the  Antelope  Range  area,  being  composed  of  a  main  layer  of  lavender- 
gray  trachyte,  with  thin  layers  of  tuffaceous,  scoriaceous,  and  dense 
trachjrtes,  and  has  been  mapped  separately  as  far  as  it  could  be  dis- 
tinctly traced.  •» 

In  the  Swett  Hills  the  early  trachyte  bed  is  dark  gray  and  the 
phenocrysts  are  few.  In  the  Eightmile  Hills  it  is  red,  with  numerous 
phenocrysts.of  sanidine  and  plagioclase  and  fewer  of  biotite.  East  of 
the  Eightmile  Hills  and  in  the  Harmony  Mountains  parts  of  the  bed 
are  porous  and  even  scoriaceous,  and  have  a  predominance  of  lime- 
soda  feldspar  over  orthoclase.  In  Cottonwood  Canyon  and  westward 
it  is  complicated  by  additional  beds  of  rhyolite,  trachyte,  and  andesite 
similar  to  some  of  the  overlying  lavas.  South  of  Iron  Mountain  the 
bed  is  amygdaloidal.  The  amygdules  are  spherical  or  oblong  in 
shape,  varying  from  5  to  50  miUimeters  in  diameter,  and  are  filled 
with  quartz  and  calcite. 

Early  tuffdceous  rhyolite. — In  the  northeast  and  in  the  southern 
par^  of  the  Antelope  Range  area  the  early  tuffaceous  rhyolite  bed  is 
of  uniform  character  throughout  its  vertical  extent.  It  is  a  light- 
gray,  pink,  or  white  porphyritic  rock  with  numerous  phenocrysts, 
and  small  irregular  fragments  of  other  volcanic  rocks.  The  pheno- 
crj^sts  are  mainly  quartz,  orthoclase,  and  plagioclase,  with  less 
abundant  biotite  and  hornblende.  Zonal  structure,  secondary 
enlargement,  and  inclusions  of  long  narrow  crystals  of  apatite  are 
common.  The  biotite  is  largely  altered  to  phlogopite  and  is  fre- 
quently associated  with  magnetite.  Pyroxene  appears  in  the  included 
rock  fragments,  but  not  in  the  rhyolite  itself.  The  groundmass  is 
amorphous,  except  for  small  crystals  of  quartz  and  feldspar  and 
cavities  which  are  partly  or  wholly  filled  with  chalcedony  or  calcite. 

The  early  rhyolite  bed  in  and  near  the  Antelope  Range  in  the  west- 
em  part  of  the  Antelope  Range  area  differs  somewhat  from  the  above. 
The  succession,  beginning  at  the  bottom,  is  (1)  a  few  feet  of  gray  or 
black  rhyolitic  pitchstone,  with  numerous  phenocrysts  of  quartz, 
feldspar,  and  mica;  (2)  hard  red  rhyolite  which  grades  up  into 
(3)  a  light-red  rhyolite  with  numerous  fragments  of  other  volcanic 
rocks.  (2)  and  (3)  grade  laterally  into  the  tuffaceous  phase  of  the 
eastern  part  of  the  area,  but  (1)  does  not  change  its  character  and  is 
found  in  the  same  position,  viz,  at  the  bottom  of  the  early  rhyolite 
series,  throughout  this  area  as  well  as  in  other  parts  of  the  quadrangle. 
The  minerals  in  these  3  phases  are  very  much  the  same  as  in  the 
tuffaceous  phase,  except  that  little  or  no  hornblende  is  present. 
The  feldspars  are  mainly  orthoclase,  but  plagioclase  is  fairly  abundant. 
They  are  altered  to  calcite,  kaolin,  and  quartz,  the  plagioclase  more 
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SO  than  orthoclase.  Quartz  shows  strong  resorption,  but  is  otherwise 
fresh  and  limpid.  Under  the  high  power,  it  shows  inclusions.  The 
biotite  is  black  and  shiny  and  has  inclusions  of  apatite.  Magnetite 
and  ferrite  are  present  in  small  quantities,  the  latter  as  an  alteration 
product  of  the  ferrous  silicates.  Zircon  is  rare.  The  groundmass 
is  partly  crystalline  and  partly  eutaxitic  and  amorphous.  The 
crystalline  part  appears  to  be  mostly  quartz  and  feldspar.  There 
are  numerous  chalcedony-filled  cavities  tliroughout  the  rock. 

The  band  of  early  rhyolite  along  the  northwestern  front  of  the 
Swett  Hills  is  bright  pink  with  phenocrysts  of  quartz  and  sanidine, 
the  latter  with  Carlsbad  twinning.  Both  quartz  and  feldspar  are 
fresh  and  glassy.  The  former  frequently  shows  resorption.  The 
groundmass  is  pink  and  dense,  but  with  numerous  little  cavities. 
It  appears  to  be  amorphous  with  lenses  of  lighter  colored  crypto- 
crystalline  material. 

The  areas  of  lower  rhyolite  in  the  Eightmile  Hills  and  the  Har- 
mony Mountains,  like  those  first  described,  are  more  or  less  tuflFaceous 
in  character,  but  as  the  groimdmass  becomes  denser  they  grade  into 
a  fragmental  rhyolite.  The  little  neck  of  the  early  rhyolite  bed  west 
of  Stoddard  Canyon  has  a  number  of  areas  of  trachyte  and  dacite 
very  much  like  those  in  the  purple  trachyte  east  of  Birch  Canyon. 
These  are  very  irregular  in  extent  and  distribution  and  could  not  be 
structurally  so  separated  as  to  correlate  them  with  the  overlying 
trachyte  and  dacite. 

Later  trachyte, — Wherever  the  later  trachyte  is  present  it  is  com- 
posed of  2  distinct  layers — at  the  base  a  black  trachytic  pitchstone 
averaging  5  to  10  feet  in  thickness  and  above  this  a  dense  red  trachyte. 

The  pitchstone  contains  abundant  phenocrysts  of  feldspar  and 
biotite,  and  fewer  of  diopside,  hornblende,  magnetite,  and  apatite. 
The  feldspars  are  largely  sanidine,  showing  Carlsbad  twinning.  A 
little  plagioclase  is  present.  The  feldspars  are  all  fresh  and  unaltered, 
and  have  numerous  inclusions  of  apatite  and  zircon.  The  biotite  is 
dark  brown  and  strongly  pleochroic.  It  has  few  inclusions  which 
are  mainly  zircon.  Magnetite  fragments  are  abundant,  some  of  them 
showing  alteration  to  hematite.     Hornblende  is  rare. 

The  groundmass  is  black  and  glassy  and  under  the  high  power 
appears  to  be  made  up  of  innumerable  crystallites  with  simple  and 
branching  hairlike  forms  grouped  along  lines  of  flow.  In  it  are  red 
spherulites,  some  of  which  in  addition  to  the  spherulitic  structure 
show  flow  structure  like  the  rest  of  the  groundmass. 

The  trachyte  above  the  pitchstone  is  a  reddish-brown  porphyritic 
rock  with  phenocrysts  of  feldspar  and  biotite,  about  equally  abundant, 
and  together  making  up  perhaps  one-tenth  of  the  mass  of  the  rock. 
Both  orthoclase  and  plagioclase  are  present,  the  latter  being  probably 
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a  little  more  abundant.  They  are  very  much  altered  to  a  white 
clayey  material,  probably  kaolin.  The  biotite  is  fresh,  dark  brown, 
and  strongly  pleochroic.  It  has  a  few  inclusions  of  apatite.  Mag- 
netite particles  are  numerous.  The  groundmass  is  cloudy  from 
specks  of  ferrite  and  shows  flow  structure,  especially  around  the 
phenocrysts.  It  appears  to  be  partly  amorphous  with  tiny  specks  of 
feldspar  arranged  along  flow  lines.  The  phenocrysts  are  also  arranged 
parallel  to  the  lines  of  flow. 

Homhlende  andesite  hreccia  and  agglovierate. — In  the  western  and 
northern  parts  of  the  Antelope  Range  area  the  hornblende  andesite 
is  a  greenish-gray  breccia,  but  toward  the  south  it  grades  into  a  coarse 
agglomerate,  with  dark-gray  and  black  fragments.  In  the  breccia 
the  fragments  are  of  dark  andesite  and  rather  small,  the  largest 
being  about  10  inches  in  diameter,  and  by  far  the  larger  part  being 
smaller.  The  material  between  the  fragments  is  of  the  same 
character  as  the  fragments  but  somewhat  softer.  In  the  agglom- 
erate the  fragments  are  larger,  ranging  up  to  perhaps  2  feet  in 
diameter.  Most  of  them  are  composed  of  the  same  material  as  the 
fragments  of  the  breccia,  but  other  fragments  are  red  and  trachytic. 
The  intervening  material  in  the  agglomerate  is  light  gray  and 
tuffaceous  and  weathers  readily,  leaving  the  fragments  strewn 
around  over  the  surface  like  bowlders.  These  soon  become  black 
and  shiny  from  desert  varnish. 

The  hornblende  andesite  composing  the  fragments  is  a  dark-gray 
porphyritic  rock  stained  green  in  many  places.  The  main  pheno- 
crysts are  narrow  crystals  of  hornblende,  sometimes  one-fourth  inch 
long.  A  few  phenocrysts  of  feldspar  are  present.  The  groundmass 
is  dark  gray  and  finely  crystalline  and  makes  up  about  nineteen- 
twentieths  of  the  rock  mass.  The  hornblende  has  a  dark-brown 
color  and  shows  pleochroism.  Fragments  of  magnetite  are  found 
bordering  it  and  included  in  it,  but  generally  separated  from  it  by 
an  alteration  rim  of  ferrite.  The  hornblende  is  altered  to  ferrite  on 
the  surface  and  sometimes  well  into  the  interior. 

The  ground  mass  is  composed  largely  of  small  crystals  ^f  ortho- 
clase  and  plagioclase  of  the  variety  labradorite,  the  latter  being  a 
little  more  abundant.  Besides  the  feldspar,  pyroxene,  hornblende, 
and  magnetite  occur  in  the  groundmass.  The  small  crystals  are 
separated  by  areas  of  cryptocrystalline  material. 

Latest  trachyte, — The  latest  trachyte  bed  is  easily  recognized 
throughout  its  extent  by  a  characteristic  banded  appearance.  It  is 
composed  of  several  diff'erent  layers;  the  full  section,  which  is  present 
only  in  the  eastern  part  of  the  Antelope  Range  area,  is  as  follows, 
beginning  at  the  base:  (1)  a  few  feet  of  black  trachytic  pitchstone 
with  phenocrysts  mainly  sanidine,  but  with  plagioclase,  biotite,  and 
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diopside  present;  (2)  red  trachyte  with  grayish-white  bands;  (3) 
gray  and  red  trachytes,  slightly  banded  in  places;  (4)  gray  tuffa- 
ceous  trachyte;  (5)  hard,  dense  red  trachyte.  These  phases  differ 
only  in  texture^  the  phenocrysts  (mainly  sanidine,  subordinately 
plagioclase,  biotite,  and  magnetite)  being  the  same  throughout  the 
series  with  the  exception  that  layer  5  contains  a  few  pyroxenes,  and 
biotite  and  magnetite  are  slightly  more  abundant  than  in  the  other 
layers.  There  is  also  a  slight  variation  in  the  amount  of  plagioclase 
in  different  parts  of.the  latest  trachyte  bed. 

Outside  of  the  eastern  Antelope  Range  area  only  layers  1  and  2 
and  perhaps  3  are  present.  In  the  eastern  part  of  the  Antelope 
Range  area  layer  2  is  comparatively  thin,  but  throughout  the  rest 
of  the  quadrangle  it  forms  almost  the  entire  thickness  of  the  bed, 
although  the  banding  is  not  always  as  conspicuous  as  it  is  here.  The 
black  pitchstone  is  nearly  always  present  at  its  base.  At  the  top  of 
the  bed  in  other  parts  of  the  quadrangle  there  is  often  a  layer  of  less 
distinctly  banded  material  which  may  represent  layer  3.  The  absence 
of  the  upper  layers  is  probably  due  to  nondeposition,  since  erosion 
could  hardly  have  taken  place  so  uniformly  over  the  region  as  to 
leave  practically  the  same  thickness  of  trachyte  throughout. 

The  latest  trachyte  of  the  Antelope  Range  (layer  2)  is  a  reddish 
porphyritic  rock,  with  parallel  bands  of  w^hite  and  gray  material 
averaging  generally  less  than  one-eighth  inch  in  thickness.  The 
phenocrysts,  averaging  about  one-sixteenth  of  an  inch  in  diameter, 
form  about  one-tenth  of  the  rock  and  are  largely  sanidine.  At  the 
surface  these  have  been  entirely  leached  out,  leaving  only  the  cavi- 
ties. Biotite  is  also  present,  being  generally  altered  to  phlogopite 
and  often  entirely  decomposed  to  ferrite.  Phenocrysts  appear  to  be 
present  in  both  the  gray  and  red  bands.  Nearly  all  the  sanidine 
shows  Carlsbad  twinning.  In  general,  they  appear  to  be  quite 
fresh,  showing  alteration  only  on  the  surface  and  along  fractures. 
The  alteration  products  appear  to  be  calcite,  kaolin,  and  quartz. 
The  sanidine  frequently  has  inclusions  of  zircon  and  apatite.  A 
little  pl^ioclase,  variety  andesine,  is  present.  Magnetite  occurs  as 
fragments. 

The  red  part  of  the  ground  mass  shows  flow  structure  and  is  more 
cloudy  than  the  gray  part,  owing  to  numerous  little  specks  of  ferrite. 
It  is  amorphous  for  the  most  part,  with  here  and  there  specks  of 
feldspar.  The  gray  part  appears  to  be  impregnated  with  quartz. 
It  contains  elongated  quartz-filled  cavities  which  grade  into  the  more 
cloudy  quartz-impregnated  groundmass.  In  the  center  of  some  of 
the  larger  cavities  there  are  brownish  aggregates  of  fine  cryptocrys- 
talline  material.  These  silicious  fillings  are  probably  later  than  the 
rest  of  the  rock,  having  been  deposited  in  the  porous  parts.     This 
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view  is  strengthened  by  the  fact  that  the  banded  appearance  of  this 
formation  in  other  parts  of  the  district  is  caused  by  a  difference  in 
the  character  of  the  ground  mass,  the  lighter  bands  being  porous 
and  the  darker  ones  more  dense. 

The  rocks  of  the  latest  trachyte  bed  over  other  parts  of  the  district 
are  very  similar  to  the  one  described  above  with  regard  to  mineral 
composition  and  texture,  except  for  the  lesser  abundance  of  quartz 
in  the  lighter  colored  bands. 

Pyroxene  an^esite  agglomerate  and  hrecda. —  In  the  western  part  of 
the  Antelope  Range  area  the  pyroxene  andesite  bed  is  a  greenish- 
gray  copper-stained  breccia,  with  little  or  no  difference  between 
fragments  and  groundmass.  Toward  the  east  it  grades  into  a  coarse 
agglomerate  with  huge  dark  bowlder-like  fragments,  cemented  by 
gray  tuflFaceous  material.  This  agglomerate  is  very  much  like  the 
hornblende  andesite  agglomerate,  but  as  a  general  rule  it  has  larger 
fragments. 

The  rock  composing  the  fragments  in  the  breccia  and  agglomerate 
is  a  pyroxene  andesite.  It  is  dark  gray  in  color  and  has  porphyritic 
texture,  the  phenocrysts  jnaking  up  perhaps  one-tenth  of  the  rock, 
and  averaging  one-eighth  inch  in  diameter.  The  phenocrysts  are 
pyroxene  and  plagioclase,  variety  labradorite,  the  former  being  the 
more  abundant.  The  groundmass  is  dense  and  appears  to  be  com- 
posed of  minute  crystals.  The  pyroxene  is  light  green  in  color,  shows 
a  slight  brownish  pleochroism,  and  has  included  magnetite  fragments. 
Often  it  occurs  in  aggregates  of  2  or  3  and  sometimes  shows  twinning 
parallel  to  the  orthopinacoid  (100).  Plagioclase  is  not  very  abun- 
dant, and  has  suffered  considerable  alteration  to  calcite  and  kaolin. 
It  shows  zonal  structure  and,  like  the  pyroxene,  occurs  in  aggregates. 

The  groundmass  is  composed  of  numerous  crystals  of  plagioclase 
and  fewer  of  orthoclase,  pyroxene,  and  magnetite,  separated  by 
amorphous  areas. 

Biotite  dadte, — The  biotite  dacite  has  the  same  texture  and  mineral 
composition  throughout  both  its  vertical  and  horizontal  extent. 
The  color,  however,  varies  slightly.  In  the  Antelope  Range  area  the 
main  part  has  a  reddish-brown  color,  while  at  the  base  there  are  50 
feet  or  less  of  a  pinkish-gray  color.  Outside  of  the  Antelope  Range 
area  the  latter  makes  up  the  entire  formation. 

The  biotite  dacite  is  a  porphyritic  rock  with  phenocrysts  ranging  up 
to  one-eighth  inch  in  diameter  and  making  up  fully  half  of  the  rock 
mass.  They  are  mainly  feldspar  and  biotite,  subordinately  diopside, 
quartz,  and  brown  hornblende.  The  feldspars  are  mainly  plagio- 
clase, ranging  from  basic  andesine  through  labradorite  to  acidic 
bytownite.  Orthoclase  is  also  present,  but  not  as  abundant.  A 
large  number  of  the  feldspars  show  well-developed  zonal  structure. 
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the  successive  zones  of  growth  being  very  thin,  owing  to  rapidly 
alternating  conditions  in  the  formation  of  the  crystal.  There  is  con- 
siderable alteration  along  fracture  lines,  the  most  important  decom- 
position product  being  calcite.  The  feldspars  have  inclusions  of 
apatite  and  biotite.  The  biotite  is  dark  brown  and  greenish  brown, 
highly  pleochroic,  and  has  inclusions  of  feldspar.  The  diopside  is 
light  green  in  color  and  has  numerous  inclusions  of  magnetite.  It 
is  often  very  much  decomposed,  the  products  being  calcite  and  fer- 
rite.  Fragments  of  quartz,  which  frequently  show  resorption,  are 
present.  The  hornblende  is  of  the  brown  basaltic  variety.  Frag- 
ments of  magnetite  are  abundant. 

The  groundmass  is  amorphous  and  frequently  shows  flow  struc- 
ture. Through  it  are  scattered  tiny  specks  of  the  same  minerals  as 
compose  the  phenocrysts. 

Late  tuffaceous  rhyolite\ — The  late  tuffaceous  rhyolite  has  the  same 
character  throughout,  except  for  an  agglomerate  at  the  base.  The 
latter  consists  of  big  bowlders  and  smaller  fragments  of  dark  igneous 
material,  both  acidic  and  basic.  About  halfway  up  in  the  tuff  forma- 
tion there  is,  in  a  few  places,  a  thin  layer  of  coarse  sandy  material, 
which  appears  to  be  water  deposited.  Frequently  the  upper  part  of 
the  formation  contains  numerous  concretion-like  spheres,  ranging 
from  1  inch  to  5  inches  in  diameter,  which  are  very  much  harder  and 
darker  than  the  rest  of  the  rock.  These  have  the  same  minerals  as 
the  rest  of  the  formation,  but  the  groundmass  is  denser  and  the 
cavities  have  all  been  filled  with  chalcedony. 

The  late  tuffaceous  rhyolite  has  a  porphyritic  texture  with  pheno- 
crysts of  feldspar,  quartz,  biotite,  and  hornblende,  and  a  porous 
glassy  groundmass.  The  main  phenocryst  is  quartz,  which  is  very 
fresh  and  generally  shows  crystal  outlines.  Orthoclase  and  plagio- 
clase  are  present,  but  not  abundant.  Most  of  them  have  suffered 
surface  alteration.  The  biotite  is  frequently  twinned  and  has  inclu- 
sions of  apatite.  Fragments  of  hornblende  and  pyroxene  are  present, 
the  latter  being  in  included  rock  fragments.  Magnetite  particles 
are  scattered  through  the  rock. 

The  groundmass  is  amorphous  with  numerous  cavities  filled  or 
lined  with  calcite.  For  this  reason  calcite  forms  quite  a  large  per- 
centage of  the  rock. 

Biotite-homblende-pyroxene  andesite. — In  the  Swett  Hills  the  bio- 
tite-hornblende-pyroxene  andesite  bed  consists  of  several  types  of 
rock.  In  the  western  part  there  is  at  the  base  a  dark  hornblende 
andesite  breccia  and  above  this  several  layers  of  rhyolite  and  tra- 
chyte interlayered  with  limestone  and  conglomerate.  In  the  eastern 
part  all  but  the  breccia  disappear,  and  a  biotite-homblende-pyroxene 
andesite,  which  to  the  west  only  caps  the  lower  series,  makes  up 
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almost  the  entire  thickness.  In  the  Harmony  Mountains  the  for- 
mation consists  of  rhyoHte,  trachyte,  and  conglomerate,  while  in  the 
lava  area  southwest  of  Iron  Mountain  only  the  hornblende  andesite 
breccia  is  present,  with  a  little  limestone  and  conglomerate. 

The  biotite-homblende-pyroxene  andesite  is  a  light  pinkish-gray 
porphyritic  rock,  with  feldspar  as  the  main  phenocr>\st.  Biotite, 
hornblende,  and  diopside  are  of  equal  importance.  Quartz  and 
magnetite  are  present.  The  feldspars  are  mainly  labradorite,  but  a 
little  orthoclase  is  present.  They  show  zonal  growth  and  have  inclu- 
sions of  apatite.  A  few  fragments  of  quartz  are  present.  The  diop- 
side is  light  green  in  color,  while  the  hornblende  and  biotite  are  dark 
brown  and  show  alteration  to  ferrite.  The  groundmass  is  amor- 
phous with  finely  crystalline  feldspar  and  specks  of  ferrite. 
•  The  hornblende  andesite  breccia  is  a  dark  purplish-gray  porphy- 
ritic rock,  with  phenocrysts  of  brown  hornblende  and  a  groundmass 
of  small  lath-shaped  crystals  of  labradorite,  orthoclase,  monoclinic 
and  rhombic  pyroxene,  separated  by  irregular  cavities.  The  rhyo- 
Hte and  trachyte  layers  have  the  same  texture  as  the  underlying 
tuffaceous  rhyolite  and  trachyte  formations.  The  limestones  and 
conglomerate  are  like  those  of  the  Tertiary,  but  thinner  and  less  con- 
solidated. Their  presence  in  the  uppermost  lava  formaticm  shows 
that  all  the  lavas  were  submerged  after  its  depositicm. 

chkmicaTj  axd  minf.raTj  comi'ositiox  of  the 
igneous  hocks. 

Analyses  have  been  made  of  the  intrusive  andesite  and  of  the  four 
principal  flows,  namely,  the  early  trachyte  (1),  early  rhyolite  (2),  lat- 
est trachyte  (5),  and  dacite  (7).  Of  the  rest  of  the  flows,  some,  while 
they  have  considerable  horizontal  distribution,  are  very  thin,  while 
the  others  are  local  in  their  distribution. 

The  following  table  gives  the  chemical  composition,  the  approxi- 
mate mineral  composition  of  the  same  specimens  determined  from 
thin  sections,  and  the  mineral  composition  of  the  same  specimens 
calculated  as  modes  from  the  chemical  composition  for  each  of  these 
formations,  in  order  of  age: 
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Analyses  of  igneous  rocks  from  Iron  Springs  district. 
CHEMICAL  COMPOSITION. 


A. 

B. 

C. 

D. 

E. 

E'. 

F. 

0. 

SlOt 

65.29 

63.63 

64.83 

58.04 

66.38 

70.03 

73.17 

61.05 

A1,0, 

11.57 

15.64 

16.68 

18.96 

13.72 

14.47 

13.34 

16.03 

FetOa 

2.10 

3.59 

3.74 

5.88 

2.23 

2.35 

1.35 

5.42 

FeO 

2.67 

.93 

1.22 

1.33 

.80 

.84 

.76 

.98 

MgO.. 

2.87 

2.32 

.79 

1.11 

.54 

.57 

.81 

3.03 

CaO 

4.85 

4.46 

2.85 

6.12 

5.49 

2.42 

1.32 

5.40 

NatO 

2.10 

1.70 

.86 

2.26 

2.50 

2.64 

1.80 

1.43 

KtO 

5.18 

5.22 

7.56 

4.08 

5.20 

5.48 

7.10 

5.  .-is 

HtO  + 

2.32 

2.10 

.92 

2.05 

.92 

.97 

.54 

.81 

PtOs 

.22 

.15 

.35 

.34 

.08 

.08 

.07 

.30 

COj 

2.52 
.11 

BaO 

.17 

.05 

.11 

.04 

.11 

.10 

.C8 

99.34 

99.79 

99.91 

100.21 

100.49 

99.96 

100.36 

100.11 

MINERAL  COMPOSITION  DETERMINED  FROM  THIN  SECTIONS. 


A. 

B. 

C. 

i       D. 

E. 

F. 

G. 

Quartz 

Some . . . 
Some  - . . 
Much... 
Some : . . 
Some . . . 
Little... 
Little... 

Some . .  - 

1 

Much... 
Much... 
Little... 
Some . . . 

Some... 
Some... 
Little... 
Some... 

Some. 

Orthoclase     .      .    • 

Some... 
Much... 
Some . . . 
Little. . . 

Some . . 
Little.. 
Little.. 

.j  Some... 
.    Much... 
.1  Little... 

J. 

Much. 

Plagioclase 

Much. 

Biotite         ..  . 

Some. 

Hornblende 

Some. 

Diopside 

Little... 

1  Lrttle.. 

Some. 

Magnetite 

Little... 

Little. . 

.    Little... 

Little... 

Little*... 

Little. 

MINERAL  COMPOSITION  CALCULATED  FROM  CHEMICAL  COMPOSITION. 


A. 

B. 

22.26 
27.80 
13.10 
15.29 
4.63 

r. 

D. 

E. 

F. 

G. 

Quart/ 

23.52 

28.35 

14.67 

5.84 

5.08 

22.02 
43.37 

7.34 
11.12 

3.81 

15.06 
22.79 
18.86 
25.85 
3.71 

27.60 
28.35 
20.96 
10.56 
3.70 

3.T12 
39.47 
15.19 
5.56 
2.70 
L62 

19.38 

Orthoclase 

28.35 

Albite 

12.05 

Anorthite 

15.84 

Biotite  a 

2.70 

Phlogopite  o : 

4.  16 

Honiblende  a 

5.89 

6.03 

L39 

.31 

1.99 
4.32 
1.16 
.31 
2.24 

Diopside 

.86 
1.85 
.62 
.75 
1.28 

2.16 

2.78 

.62 

4.11 

7.12 

Magnetite 

1.62 
.31 
.56 

.92 
.31 
.75 

1.85 

Apatite 

.62 

Limonite  . 

.75 

Hematite 

3.52 

Calcite 

6.70 

Kaolin 

3.78 
1.84 
.90 

5.16 

3.09 

3.61 

Serpentine...   .                           ...        

2.48 
L90 

Water 

"i.45 

.97 

.70 

.34 

Sillimanite...            

WoUastonite 

3.48 

98.94 

99.62 

99.63 

100.00 

100.12 

99.98 

99.95 

1  Composition  based  on  average  of  analyses  in  Dana's  Manual  of  Mineralogy. 

A.  Specimen  46612.    Fresh  intrusive  andesite  east  of  Granite  Mountain.    Analysis  by  R.  D.  Hall, 
University  of  Wisconsin. 

B.  Specimen  46377.    Slightly  weathered  intrusive  andesite  from  Desert  Mound.    Analysis  by  R.  D. 
",  Univ« 
.  Specii 

Hall,  University  of  Wisconsin. 


C.  Sjpecimen 


.yotV, 
46533. 


Fresh  e-arly  trachyte  from  Antelope  Range  (No.  1  of  flows).    Analysis  by  R.  D. 
isconsin. 

D.  Specimen  46584.    Andesite  from  same  formation  as  specimen  C  north  of  Stoddard  Mountain. 
Analysis  by  R.  D.  Hall,  University  of  Wisconsin. 

E.  Specimen  46521.    Early  rhyolite  from  Elghtmlle  Hills  (No.  2  of  flows).     Analysis  by  R.  D.  Hall, 
University  of  Wisconsin. 

E'.  Specimen  46521.    Early  rhyolite.    Recalculated  on  the  basis  of  100  per  cent  after  removing  CaO 
and  COi  of  the  inflltrated  calcite. 

F.  Specimen  4(i557.    Latest  trachyte  from  Antelope  Hills  (No.  5  of  flows).    Analysis  by  R.  D.  Hall, 
University  of  Wisconsin, 

G.  Specimen  46586a.    Dacite  from  Swett  Hills  (No.  7  of  flows).    Analysis  by  R.  D.  Hall.  University 
of  Wisconsin. 
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Partial  chemical  analyses  of  igneous  rocks  from  Iron  Springs  district. 
[Analyst,  Fred  Lerch,  Biwabik.  Minnesota.] 


SiOf.. 
AlsOs 
PtOi. 
Fe... 


H. 


53.65 
1.69 
.118 
5.65 


66.20 
2.72 
.117 
3.71 


.076 
4.56 


.138 
5.58 


.192 
&49 


.090 
4.91 


N. 


PtOi 
Fe.. 


0. 

P. 

Q. 

R. 

S. 

T. 

.133 
5.79 

.060 
2.43 

.074 
2.29 

.040 

2.78 

.032 
1.74 

.124 
4.03 

.087 
5.16 


ir. 


.127 
4.24 


H.  Specimen  46317. 
Peaks. 

I.  Specimen  46318. 

J.  Specimen  46500. 
Hills. 

K.  Specimen  46533. 

L.  Specimen  46540. 

M.  Specimen  46641. 

N.  Specimen  46647. 

O.  Specimen  46584. 
Mountain. 


lutrusive  andesito.    Three 

Same. 

Early  trachyte.    Eightmile 


Same. 
Same. 
Same. 
Same. 
Scune. 


Antelope  Range. 


North  of  Stoddard 


P.  Specimen  46502.  Early  tuffaceous  rhyolite. 
EiehtmUe  Hills. 

Q.  Specimen  46503.    Same. 

R.  Specimen  46476.  Latest  trachyte.  Swett 
IliUs. 

S.  Specimen  46477.    Same  (pitchstone  at  base) . 

T.  Specimen  46504.  Biotite  dacite.  Eightmile 
Hills. 

U.  Specimen  46380.    Same. 


Analyses  A  and  B  are  average  andesites,  although  A  is  a  little  too 
high  in  potash  and  low  in  alumina.  C  is  a  typical  trachyte,  while 
D  is  an  andesite  forming  a  subordinate  part  of  the  early  trachyte 
bed. 

The  early  rhyolite  (E)  is  too  high  in  lime,  owing  to  secondary  cal- 
cite  occurring  in  amygdules.  This  has  been  subtracted  from  the 
analysis  and  the  latter  recalculated  to  100  per  cent.  This  recalcu- 
lated composition  (E')  is  that  of  a  typical  rhyolite.  The  composition 
of  F,  as  given  in  the  table,  is  too  high  in  silica  and  too  low  in  alumina 
for  a  trachyte.  The  excess  silica  is  accoimted  for  by  secondary  infil- 
tration in  amygdules,  and  if  tliis  be  removed  and  the  composition 
recalculated  to  100  per  cent  the  alumina  percentage  will  be  brought 
up  within  the  limits.  The  lack  of  quartz  phenocrysts  determines  its 
name. 

The  dacite  (G)  is  too  low  in  silica  for  a  typical  dacite,  but  the  pres- 
ence of  quartz  phenocrysts  determines  its  name. 

According  to  Professor  Iddings  the  presence  of  trachyte  and  ande- 
site in  the  same  group  of  lavas  is  a  rare  occurrence,  nevertheless 
chemical  and  mineral  compositions  indicate  that  both  probably 
occur  in  the  Iron  Springs  area. 

The  analyses  represent  the  general  acidic  character  of  the  series  and 
show  a  slight  range  in  chemical  composition,  especially  in  the  silica 
and  alkalies.  Silica  ranges  from  58  to  70  per  cent,  the  increase  to 
73  per  cent  in  analysis  F  being  due  largely  to  the  later  cavity  fillings. 
The  alkalies  range  from  6J  to  9  per  cent,  the  potash  being  in  excess 
of  the  soda  in  all  cases.  This  excess  reaches  a  maximum  in  the 
trachytes  C  and  F,  a  fact  well  illustrated  in  the  mineral  composition 
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tables  by  the  excess  of  potash  feldspar  over   lime-soda  feldspar  in 
these  rocks. 

The  alkalies  vary  approximately  with  the  amount  of  silica,   as 
follows : 

Variations  in  alkali  and  silica  in  igneous  rocks  of  Iron  Springs  district. 


F. 

E. 

A. 

C. 

64.83 
8.42 

B. 

63.63 
6.92 

G. 

D. 

SiOt 

73.17 
8.90 

70.03 
8.12 

65.29 
7.28 

61.05 
7.01 

58.(14 

Alkalies 

6.  ?A 

The  only  striking  exception  to  this  rule  is  '*C/'  which  is  high  in 
alkalies  and  comparatively  low  in  silica. 

The  total  alkalies  vary  inversely  as  the  Ume  with  minor  exceptions. 

Variations  in  alkali  and  lime  in  igneous  rocks  of  Iron  Springs  district. 


F. 

C. 

Alkalies . . 

8.90 
1.32 

8.42 

CaO - 

2.8'> 

E. 


7.28 
4.85 


G. 


7.01 
5.40 


6.92 
4.46 


6.:i4 
6. 12 


An  increase  in  the  amount  of  silica  and  alumina  is  attended  by  a 
decrease  in  iron,  magnesia,  and  lime,  illustrated  in  the  following 
table : 

Variations  in  silica  and  alumina  corresponding  to  variations  in  iron,  magnesioy  and  lime 
in  igneous  rocks  of  Iron  Springs  district. 


F. 

E. 

84.50  ' 
6.18  \ 

C.      ' 

81.51 
8.60 

B. 

79.27 
12.30 

G. 

77.08 
14.83 

D. 

A. 

SiOt  and  AljOs 

86.51 
4.24 

77.00 
14.94 

76.86 

FejOs  FeO,  MgO,  and  CaO 

12.49 

The  relation  betv/een  the  potash  and  soda  is  similar  to  that  shown 
by  Prof  essor  Pirsson  to  exist  in  the  rocks  of  the  High  wood  Moim  tains,  ^ 
but  the  relation  between  the  alkalies  and  the  lime  is  reversed.  The 
definite  relation  existing  between  potash,  soda,  and  lime  in  the 
Highwood  rocks,  according  to  Professor  Pirsson,  must  have  been 
characteristic  of  the  parent  magna,  and  separates  these  rocks  from 
rocks  of  other  areas  and  groups  them  into  a  clan.  The  same  argu- 
ment may  be  applied  to  the  rocks  of  the  Iron  Springs  district. 

The  chemical  character  of  the  rocks  is  clearly  expressed  by  the  min- 
eral composition.  The  predominance  of  potash  is  indicated  by  an 
abundance  of  orthoclase,  while  the  basic  feldspar  varies  in  amount 
with  the  lime,  except  in  the  early  rhyolite  (E),  in  which  the  high 


a  Tirsson,  L.  V.,  Petrography  and  geology  of  the  igneous  rocks  of  the  Highwood  Mountains,  Mon- 
tana; Bull.  U.  S.  Geol.  Survey  No.  237,  19a'i,  pp.  172-174. 
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lime  percentage  is  accounted  for  by  the  presence  of  infiltrated  calcite. 
In  analyses  C,  D,  E,  and  F  the  low  magnesia  explains  the  absence 
of  hornblende  and  diopside  and  the  lowering  of  the  biotite  percentage. 
The  mineral  compositions  calculated  from  the  analyses  (p.  58) 
are  in  general  similar  to  those  observed,  yet  on  account  of  fine- 
grained or  amorphous  groundmass  the  mineral  composition  as  deter- 
mined, from  thin  sections  could  only  be  approximate  and  in  some 
instances  does  not  correspond  well  with  the  calculated  modes,  the 
greatest  discrepancy  being  in  the  relative  amounts  of  quartz,  ortho- 
clase,  and  lime-soda  feldspar.  Where  the  groundmass  is  crypto- 
crystalline,  the  mineral  composition  is  based  on  the  phenocrysts.  In 
the  dacite  and  andesites  these  form  a  large  percentage  of  the  mass  of 
the  rock,  while  in  the  early  trachytes,  the  eariy  riiyolite,  and  the 
latest  trachyte  they  are  subordinate  in  amount.  Sillimanite  and 
wollastonite  were  not  seen  in  the  rocks,  but  were  added  to  take  up 
surplus  alumina  and  lime. 

REIiATIONS  OF  X.ACCOI.ITHS  AND  EFFU8IVES  IN  GENESIS. 

The  question  naturally  arises  whether  or  not  the  intrusive  andesite 
and  the  effusives  came  from  the  same  reservoir.  The  chemical  com- 
positions of  the  laccolithic  rocks  and  the  different  flows  show  but  a 
small  range.  With  very  little  differentiation  all  the  different  phases 
may  have  originated  from  the  same  parent  magma.  It  is  certain, 
however,  that  the  laccoliths  did  not  act  as  vents  through  which  the 
outpouring  of  the  effusives  took  place.  The  andesite  had  been  intruded , 
solidified,  and  eroded  when  the  lavas  were  poured  out  over  the  eroded 
edges  of  the  uplifted  sediments.  That  the  lavas  came  to  the  surface 
through  the  laccoliths  after  their  solidification  and  erosion  does  not 
seem  likely,  since  the  andesite  areas  show  no  dikes  or  stocks,  unless 
the  ore  veins  be  so  called.  Neither  are  there  stocks  or  dikes  else- 
where in  the  district  through  which  the  eruptions  might  have  occurred ; 
hence  w^e  are  driven  outside  of  the  area  for  the  source  of  the  effusives. 

The  following  table  shows  an  approximation  of  the  average  chem- 
ical composition  of  the  lavas  and  andesite,  obtained  by  averaging  the 
preceding  analyses.  The  general  similarity  of  composition  indicates 
that  both  may  have  come  from  the  same  reservoir. 

Average  chemical  composition  of  laccoliths  and  effusives. 


SIOj. . 
AlsOa. 
FetOa 
FeO.. 
MgO. 
CaO.. 
NaiO. 


Laccoliths. 

Effusives. 

64.46 

66.42 

13.60 

15.41 

2.85 

3.48 

1.80 

.96 

2.59 

1.34 

4.65 

3.40 

1.90 

1.86 

KjO.. 

P«Oi.. 
BaO.. 


Laccoliths.   Effusives 


6.20  i 

2.21 

.18 

.11 

99.55 


5.99 
.95 
.19 


100.09 


CHAPTER   V. 
CORRELATION. 

SEDIMKNTARY   ROCKS. 

Several  excursions  were  taken  into  the  surrounding  country  for  the 
purpose  of  correlating  the  formations  of  the  Iron  Springs  district 
with  those  of  the  Colob  Plateau,  one  of  the  High  Plateaus  of  Utah,  and 
with  the  Pine  Valley  Mountains. 

The  rocks  of  these  areas  were  first  studied  in  1871,  1872,  and  1873 
by  G.  K.  Gilbert,  A.  R.  Marvine,  and  E.  E.  Howell  for  the  Wheeler 
Survey .«  In  1875,  1876,  and  1877,  they  were  studied  by  Maj.  C.  E. 
Button''  for  the  Rocky  Mountain  Survey  and  again  in  1880  for  th« 
United  States  Geological  Survey  in  connection  with  the  work  in  Grand 
Canyon.  In  the  summer  of  1902  a  small  area  east  of  the  Pine  Valley 
Mountains  along  the  west  margin  of  the  High  Plateaus  was  mapped 
by  E.  Huntington  and  J.  W.  Goldthwait,^  under  the  direction  of  Prof. 
W.  M.  Davis,  of  Harvard  University. 

Dutton  **  classified  the  rocks  of  this  region  int  o  systems  from  Carbonif- 
erous to  Quaternary.  Huntington  and  Goldthwait*'  subdivided  the 
larger  division  of  Dutton  to  some  extent,  and  applied  geographic 
names.  The  following  tables  show  the  correlation  of  the  rocks  of  the 
Iron  Springs  district  with  those  given  by  Huntington  and  Goldthwait 
and  by  Dutton: 

a  Gilbert,  G.  K.,  Report  on  the  geology  of  portions  of  Nevada,  Utah,  California,  and  Arizona,  exam- 
ined In  the  years  1871  and  1872:  U.  8.  Gepg.  Surv.  W.  100th  Mer.,  vol.  3.  Geology,  pt.  1, 1875,  pp.  17-187. 
Marvine,  A.  R.,  Report  on  the  geology  of  route  from  St.  George,  Utah,  to  Gila  River,  Arizona,  examined 
in  1871:  U.  S.  Geog.  Surv.  W.  100th  Mer.,  vol.  3,  Geology,  pt.  2, 1875,  pp.  189-225.  Howell,  E.  E.,  Report 
on  the  geology  of  portions  of  Utah,  Nevada,  Arizona,  and  New  Mexico,  examined  in  the  years  1872  and 
1873:  U.  8.  Geog.  Surv.  W.  100th  Mer.,  vol.  3,  Geology,  pt.  3, 1876,  pp.  227-301. 

f>  Dutton,C.  E.,  Report  on  the  geology  of  the  High  Plateaus  of  Utah.  U.S.  Geog.  and  Geol.  Surv.  Rocky 
Mtn.  Region,  1880,  pp.  307;  Tertiary  history  of  the  Grand  Canyon  district:  Mon.  U.  S.  Geol.  Survey,  vol.  2, 
1882.  pp.  264. 

c  Huntington,  Ellsworth,  and  Goldthwait,  J.  W.,  The  Hurricane  fault  in  the  ToquerviUe  district, 
UUh:  Bull.  Mus.  Comp.  Zool.,  Harvard  Coll.,  No.  42  (Geol.  Ser.,  vol.  6),  1904.  pp.  199-259. 

d  Dutton,  C.  E.,  op.  cit. 

<  Op.  cit.,  pp.  202-208. 
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Correlation  of  rocks  of  the  Iron  Springs  district  with  rocks  of  the  Coloh  Plateau. 


Colob  Plateau. 


Huntington  jind  Goldthwait. 


Basalt. 


Pleistocene  gravels. 


TrachjTte.  andesite. 


Dutton. 


Iron  Springs  district. 


Quaternary   sand,  gravel,  and     Quaternary    sand,    gravel,   and 

clay.  clay. 

Basalt. 


Andesite,  tracliyte,  rliyolite. 


Pleistocene  conglomerate. 
Andesite,  trachyte,  rhyolite,etc. 


Tertiary   limestone,   shale,   and 
conglomerate. 


Cretaceous  Aandstone,  shale,  and 
lim^tone. 


Colob  sandstone. 


Tertiary  limestone,  shale,  and  '  Claron  limestone,  including  some 
conglomerate.  i      sandstone  and  conglomerate. 

Cretaceous  sandstone,  shale,  and     Pinto  sandstone,  including  some 
limestone.  shale,  conglomerate,  and  lime- 

I      stone  lenses. 


Jurassic  shale. 
Jurassic  sandstone. 


(?) 


Kanab  sandstone. 

Painted   Desert   sandstone  and     Triassic  sandstone,  shale,  and  j  (Missing.) 

shale.  :     conglomerate.  | 

Shinanimp  conglomerate. 


Hoencopie  shale  and  sandstone.     Permian  shale  and  sandstone,      j  (Missing.) 


Super-Aubrey   shale  and   lime- 
stone. Carboniferous  limestone. 
Aubrey  limestone. 


Homestake  limestone. 


The  fossils  found  in  the  Homestake  limestone  are  few  and  poorly 
preserved.  They  were  referred  for  determination  to  Prof.  Eliot 
Blackwelder,  of  the  University  of  Wisconsin,  and  Dr.  George  H. 
Girty,  of  the  United  States  Geological  Survey.  Professor  Blackwelder 
determined  some  of  the  better  preserved  forms  as  Aviculopecteriy  a 
genus  ranging  from  Silurian  to  Triassic,  but  here  probably  Carbon- 
iferous.    Doctor  Girty  says: 

The  specific  determination  of  these  forms  is  hardly  possible  from  the  imperfect  con- 
dition of  the  material.  ...  I  believe  that  should  you  obtain  more  complete  (\)\- 
lections  they  would  prove  that  the  beds  from  which  they  were  obtained  should  be 
correlated  with  that  portion  of  the  Wasatch  Mountains  section  which  the  geologists 
of  the  Fortieth  Parallel  Survey  designated  the  Permo-Carboniferous.  This  is  likely  to 
be  the  highest  Paleozoic  horizon  found  in  your  region. 

The  overlying  Pinto  formation  is  satisfactorily  determined  as 
Cretaceous.  The  Homestake  limestone  could  not  be  Jurassic,  accord- 
ing to  its  fossils,  and  since  the  hmestone  is  dissimilar  to  the  Triassic 
and  Permian  sediments  of  the  adjacent  High  Plateaus,  which  are 
masses  of  sandstone  and  shale,  it  is  referred  to  the  next  preceding 
period,  the  Carboniferous.  Specific  correlation  with  the  Aubrey 
(Carboniferous)  limestone  naturally  suggests  itself,  but  it  differs  much 
from  the  latter  in  appearance  and  lithologic  character,  in  that  it  is 
more  sandy,  shows  bedding  plainly,  and  is  yellow,  while  the  Home- 
stake  limestone  is  a  pure,  massive,  dark-blue-gray  Hmestone,  lacking 
a  conspicuous  bedding. 
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So  far  as  known,  the  Pinto  sandstone  of  the  Iron  Springs  quad- 
rangle bears  no  fossils,  but  in  the  southern  part  it  contains  a  few 
layers  of  carbonaceous  shales,  which  were  followed  southward  and 
connected  with  the  anthracite  beds  of  Stoddard  Mountain  (mapped 
by  the  Wheeler  Survey  as  Cretaceous  and  correlated  by  that  survey 
with  the  Cretaceous  rocks  on  the  Colob  Plateau),  which  contain 
numerous  workable  seams  of  bituminous  coal,  associated  with  oyster 
beds  often  several  feet  in  thickness.  The  lower  part  of  the  Pinto  for- 
mation may  be  Jurassic,  but  no  evidence  for  the  separation  could  be 
found. 

The  Claron  formation  contains  only  a  few  fossils  and  these  are  Car- 
boniferous forms  in  pebbles  in  the  conglomerates.  They  are  of  value 
only  in  pointing  to  a  Carboniferous  limestone  outside  of  the  dis- 
trict as  the  source  of  the  conglomerates.  Nevertheless,  the  Claron 
formation  may  be  satisfactorily  correlated  with  the  Tertiary  of 
Dutton,**  which  is  the  Uinta  formation  of  Smith,''  on  the  Markagunt 
Plateau.  At  the  head  of  Cedar  Canyon  (Coal  Creek  valley),  cutting 
the  Markagunt  Plateau,  there  are  3,000  feet  of  many-colored  Ter- 
tiary limestones,  sandstones,  and  conglomerates.  The  limestone  of 
the  Cedar  Canyon  Tertiary  and  of  the  Claron  were  found  to  be  much 
the  same  both  in  regard  to  general  appearance  and  lithology.  Both 
are  many  colored,  although  red  predominates,  and  both  are  sandy. 
The  cherty  concretions  described  above  are  also  characteristic  of 
many  layers  in  both  areas.  The  Claron  formation  of  •  the  Iron 
Springs  district  contains  more  fragmental  material  in  the  form  of 
beds  of  conglomerate,  but  this  is  to  be  expected,  because  it  is  nearer 
the  shore  line  of  the  Eocene  lake  supposed  by  Smith  to  lie  west  of  the 
High  Plateau  region.  The  Uinta  formation  is  supposed  to  have  been 
deposited  in  a  fresh-water  lake  basin,  which  during  the  early  stages 
of  deposition  extended  into  southwestern  Utah  nearly  to  the  Nevada 
and  Arizona  boundaries  but  gradually  retreated  northeastward  into 
central  Utah.  The  lower  part  of  the  Cedar  Canyon  Tertiary  was  not 
seen.  It  may  contain  more  beds  of  conglomerate  than  the  middle 
and  upper  parts,  and  hence  this  part  might  be  more  specifically  cor- 
related with  the  Claron  formation  of  the  Iron  Springs  district. 

In  general,  then,  the  correlation  of  the  Cretaceous  and  Tertiary' 
rocks  of  the  Iron  Springs  district  is  based  on  similarity  in  lithology, 
thickness,  and  succession  of  the  Pinto  and  Claron  formations  A\*ith 
the  Cretaceous  and  Tertiary  series,  respectively,  of  the  High  Pla- 
teaus beginning  15  miles  to  the  east,  and  on  the  direct  connection 
of  the  Pinto  formation  with  the  Cretaceous  coal-bearing  beds  of 
Stoddard  Mountain.  The  assignment  of  the  underlying  Homestake 
formation  to  the  Carboniferous  is  based  on  obscure  fossil  forms  and 

o  Op.  cit.  ft  Smith,  J.  H.,  The  Eocene  of  North  America:  Jour.  Oeol.,  vol.8, 1900, p.  452. 
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on  the  fact  that,  though  difTering  Hthologically  from  the  Aubrey- 
limestone  (Carboniferous)  of  the  High  Plateaus,  it  is  more  like  it 
Hthologically  than  any  other  formation  underlying  the  Cretaceous 
of  this  region.  A  possible  hiatus  between  the  Pinto  formation  (Cre- 
taceous) and  the  Homestake  limestone  (see  p.  17)  may  account 
for  the  absence  of  Permian,  Triassic,  and  perhaps  Jurassic  sediments — 
if  the  last  named,  indeed,  be  absent  (see  p.  16) — between  the  Cre- 
taceous and  Carboniferous  of  this  district.  The  weak  features  of  the 
correlation  are  the  absence  of  sufficient  fossil  evidence,  the  dissimi- 
larity of  the  Homestake  and  Aubrey  formation,  and  the  absence  of 
Permian,  Triassic,  and  Jurassic  sediments  with  so  slight  a  structural 
discordance. 

IGNEOUS  ROCKS. 

Only  the  earlier  trachyte  and  the  tuffaceous  rhyolite  have  been 
correlated  with  rocks  previously  studied  outside  of  the  district, 
namely,  the  ** rhyolite"  of  Button's  High  Plateaus  survey.'*  These 
rocks  were  examined  on  Brian  Head,  near  the  south  end  of  the  area 
mapped  by  Button  as  rhyolite,  and  were  found  to  be  composed  of 
a  considerable  thickness  of  rhyolite  underlain  by  a  rather  thin  layer 
of  dark  scoriaceous  material  like  some  of  the  scoriaceous  phases  of 
the  earlier  trachyte  of  the  Iron  Springs  district.  Below  this,  as 
in  the  Iron  Springs  district,  were  found  Tertiary  limestones  and 
conglomerates.  Thus  a  general  correlation  with  the  lavas  may  be 
made  on  the  basis  of  their  superposition  above  the  Tertiary  lime- 
stones and  conglomerates  in  the  two  districts. 

a  Dutton,  C.  E..  Report  on  thegoology  of  the  High  Plateaus  of  Utah:  U.  S.  (Jeog.  and  Geol.  Surv. 
Rot'ky  Mtn.  Region,  1880.  pp.  61  et  seq. 
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CHAPTER  VI. 
DESCRIPTION  OF  THE  IRON  ORES. 

DISTRIBUTION,   KXP08I7RES,  AND  TOPOGRAPHY. 

The  iron  ores  occur  in  disconnected  masses  within  a  general  area 
about  1 1  miles  wide  by  20  miles  long,  running  northeast  and  south- 
west through  the  district  mapped.  (See  Pis.  II,  XV,  XVI.)  They 
lie  for  the  most  part  on  eastern  and  southern  slopes  or  foothills  of 
The  Three  Peaks,  Granite  Mountain,  and  Iron  Mountain,  between 
elevations  of  5,600  and  6,700  feet,  but  some  of  them,  as  on  Iron  Moun- 
tain, appear  at  or  near  the  tops  of  the  mountains  at  elevations  between 
7,000  and  8,000  feet. 

Some  of  the  iron-ore  exposures  stand  out  as  much  as  200  feet  above 
the  surrounding  country  as  black,  jagged  ridges  (Pis.  XVII,  B,  to 
XIX,  ^).  Others,  including  several  of  the  larger  deposits  on  the  lower 
slopes,  do  not  stand  above  the  surrounding  rocks  (PI.  XIX,  B),  but 
are  known  by  isolated  exposures  and  black  iron-formation  fragments 
disseminated  in  the  loose  detrital  material  at  the  surface.  Some  of 
the  ore  does  not  appear  at  the  surface  at  all,  being  covered  by  andesite 
detritus  washed  from  the  upper  slopes,  though,  even  here,  fragments 
of  ore  are  likely  to  appear  in  the  detritus  farther  down  the  slopes. 
In  such  places  the  exact  shape  and  distribution  of  the  deposits  can 
not  be  determined  without  trenching  or  pitting.  Fortunately  such 
work  wiir  suffice  fairly  well  throughout  the  possible  ore-bearing  areas, 
though  there  are  places  where  areal  extensions  of  iron-ore  belts  may 
be  found  by  underground  exploration,  or  where  belts,  mapped  as 
continuous  on  the  basis  of  the  surface  fragments,  may  really  be  dis- 
continuous. The  deepest  pits  in  the  district,  130  feet,  have  not  yet 
reached  water  level. 

(;EOT.OGICAIj  and  structural.  REIiATIONS  OF  TPIB  ORE 

DEPOSITS. 

The  ore  deposits  for  the  most  part  lie  at  or  near  the  contact  of  the 
andesite  laccoliths  and  the  Homestake  limestone.  Some  of  them 
occur  entirely  within  the  andesite  well  up  the  slopes,  and  others 
entirely  within  the  limestone,  but  seldom  far  from  the  contact.  (See 
Pis.  III-V,  pocket.) 
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ORB  DEPOSITS  IN  ANDBSITE. 

The  deposits  within  the  andesite  appear  at  the  surface  in  long, 
narrow  bands,  ranging  from  20  feet  down  to  less  than  1  foot  in  width, 
and  usually  standing  from  a  few  feet  to  20  or  30  feet  above  the  adja- 
cent andesite.  (PI.  XVIII,  A.)  These  are  true  veins  or  fissure 
deposits.  The  fissures  which  they  fill  are  usually  somewhat  curved, 
tapered  at  one  or  both  ends,  are  almost  invariably  branching,  and  are 
accompanied  by  subsidiary  parallel  fissures.  (See  PI.  III.)  Their 
orientation  is  diverse;  in  general  they  follow  the  directions  of  the 
adjacent  jointing  and  faulting. 

ORE  DEPOSITS  AT  ANDESITE-LIMESTONE  CONTACT. 

The  larger  and  more  numerous  deposits  are  along  the  andesite- 
limestone  contact.  (Pis.  Ill,  V,  and  XVII,  A.)  As  exposed  in  the 
erosion  surfaces  they  are  commonly  lens  shaped,  with  their  longer 
diameters  parallel  to  the  contours  of  the  liills,  but  from  this  there  are 
important  variations  toward  irregular  polygonal  shapes,  due  partly 
to  faulting  and  partly  to  the  variation  in  the  angle  between  the  ero- 
sion surface  and  the  plane  of  the  andesite-limestone  contact  wliich 
the  ores  follow.  The  deposits  at  the  contact  have  as  a  hanging  wall 
either  the  fresh  limestone  or  the  silicated  phase  characteristic  of  the 
contact  with  the  andesite.  The  ore  protrudes  irregularly  into  the 
limestone  in  large  and  small  masses  and  veins.  Small  masses  of  the 
ore,  measuring  from  a  few  inches  to  a  few  feet,  may  be  seen  entirely 
within  the  limestone,  and  in  turn  fragments  of  limestone  are  found  in 
the  ore.  Along  fault  planes  the  limestone  is  brecciated  and  cemented 
by  ore.  Notwithstanding  this  local  irregularity,  measured  by  inches 
and  a  few  feet,  the  contacts  on  a  large  scale  are  usually  even  and  con- 
tinuous. The  dip  of  the  contact  of  the  ore  and  the  hanging  wall  is 
almost  invariably  steeper  than  the  dip  of  the  bedding  of  limestone; 
that  is,  almost  vertical  but  with  a  slight  dip  away  from  the  andesite, 
so  far  as  can  be  determined  from  the  sections  exposed. 

The  foot  wall  of  the  ore  is  principally  andesite,  but  at  many  local- 
ities the  ore  is  separated  from  the  andesite  by  a  thin  layer  of  the  sili- 
cated contact  phase  of  the  limestone  or  the  sandy  basal  phase  of  the 
limestone.  The  contact  of  the  ore  with  the  foot-wall  andesite  as  a 
whole  is  considerably  more  regular  than  that  with  the  hanging-wall 
limestone.  There  is  less  interpenetration  of  the  two  masses,  yet 
occasional  fragments  of  andesite  protrude  into  the  ore  or  are  entirely 
surrounded  by  it,  and  andesite  breccias  with  ore  cement  are  not  un- 
common along  faults.  Andesite  dikes  or  offshoots  are  rare  in  the 
ores  and  limestone  near  the  contacts,  but  are  known  in  one  locality 
east  of  Iron  Mountain.     The  andesite  near  the  contact  is  altered  to 
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a  soft  clay  retaining  andesite  texture.  The  contacts  may  be  vertical 
or  inclined,  but  are  commonly  somewhat  steeply  inclined  away  from 
the  andesite. 

These  simple  relations  of  ore  to  wall  rock,  are  complicated  to  a  con- 
siderable extent  by  faulting,  probably  to  a  larger  extent  than  has 


X' 


500  feet 

I 


Fig.  4.- 


■Cross  section  of  Desert  Mound  contact  deposit,    o,  Iron  on^;  6,  laccolithic  andesite;  f,  Home- 
stake  limestone;  d,  altered  Homestake  limestone;  e,  Pinto  sandstone. 


been  proved.  Because  of  the  faulting  the  ore  may  be  nearly  or  quite 
surrounded  by  andesite  or  by  limestone  or  by  any  combination  of 
these  rocks.  The  map  (PI.  II)  indicates  the  effect  of  the  faulting  on 
the  surface  distribution.  Its  effect  is  probably  equally  marked  on 
the  third  dimension. 
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Fig.  5. — Cross  section  of  Great  Western  fissure  veins,    a,  Iron  ore;  b,  laccolithic  andesite. 

The  faulting  is  in  considerable  part  eariier  than  the  ore  deposition, 
as  shown  by  the  fact  that  the  fault  breccias  are  cemented  by  ore. 
The  Desert  Mound  and  the  Marshall  claim  in  The  Three  Peaks  area 
aflFord  good  illustrations.  Other  faults  are  distinctly  later  than  the 
deposition  of  the  ore,  as  on  the  Chesapeake  claim  and  others  on  the 


500  feet 


Fig.  6. — Cross  section  of  Lindsay  Hill  contact  deposit,    a.  Iron  ore;  6,  laccolithic  andesite;  c,  Home- 
stake  limestone;  d,  altered  Homestake  limestone. 

slope  and  on  the  top  of  Iron  Mountain.  The  eariier  and  the  later 
faulting  are  not  certainly  to  be  distinguished  in  all  places  in  the  pres- 
ent state  of  development  of  the  deposits,  for  the  structural  relations 
developed  are  in  part  similar  in  the  two  cases.     The  age  of  the  late 
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faulting  of  the  ore  deposits  is  provisionally  assigned  to  the  postlava 
period,  because  this  has  been  a  period  of  considerable  faulting 
throughout  the  district. 
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Fig.  7.— Cross  section  of  Blowout  contact  deposit,    a,  Iron  ore;  b,  laccolithioandesite;   f,  Homestake 
limestone;  d,  altered  Homestake  limestone. 

The  shape  of  the  deposits  in  vertical  cross  section  is  incompletely 
known  because  exploration  has  been  shallow.     Available  informa- 
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Vertical  scale  twice  horizontal 
Fig.  8.— Cross  section  southeastward  through  Lindsay  Hill,  showing  structural  relations  of  ores. 

tion  is  summarized  in  figs.  4,  5,  6,  7,  8,  and  9.  Inferences  drawn 
from  the  manner  of  development  of  the  ore  are  discussed  on  pages  76 
and  85. 


Fig.  9.— Ideal  cross  section  through  Iron  Mountain  laccolith,  showing  structural  relations  of  ores. 
ORE  DEPOSITS  IN  BRECCIAS. 

The  ore  constitutes  cements  or  minute  veins  in  fault  breccias 
formed  by  the  Homestake  limestone,  Pinto  quartzite,  or  andesite  at 
several  localities,  as  follows:  Limestone  and  quartzite  at  the  Milner 
mine,  Dear,  Excelsior,  Duluth  No.  2,  Desert  Mound;  andesite  ^1  Wve 
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Marshall,  Blowout,  Dexter,  and  Pot  Metal  claims.  At  the  Desert 
Mound  a  fault  breccia  crosses  andesite,  ore,  and  limestone,  and  mag- 
netite constitutes  breccia  fragments. 

The  iron  ores  lack  the  associated  '^iron  formation'*  of  ferruginous 
chert  or  jasper  so  characteristic  of  the  Lake  Superior  iron  ranges. 
The  nearest  approach  to  jasper  is  in  ores  banded  parallel  to  the  walls 
in  the  fissure  veins  in  the  andesite,  and  in  contact  ores  with  a  banding 
representing  original  limestone  bedding. 

The  ore  deposits  nowhere  come  in  contact  with  the  later  eflFusives. 
However,  it  is  a  significant  fact,  to  which  attention  will  be  directed  in 
discussion  of  origin  of  the  ores,  that  the  principal  ore  deposits  are 
approximately  on  the  level  of  the  general  surface  upon  which  the 
lavas  rest,  sometimes  above  it  but  never  below,  and  that  the  effusive 
rocks  before  erosion  must  have  rested  upon  the  present  deposits. 
(See  fig.  9.) 

KIXDS  AND  GRADES  OF  ORE. 

The  following  description  applies  to  the  ores  as  they  appear  above 
water  level.  Pits  have  not  yet  been  sunk  below  this  depth. 
•  The  ore  is  mainly  magnetite  and  hematite,  usually  intimately 
intermixed,  but  locally  segregated.  So  far  as  present  information 
goes  (and  it  does  not  go  far  below  the  surface)  the  magnetite  con- 
stitutes about  70  per  cent  and  the  hematite  30  per  cent  of  the  whole. 
As  hematite  appears  more  abundantly  below  the  surface,  it  is  thought 
likely  that  deeper  exploration  will  develop  a  higher  percentage  of 
hematite.  At  the  surface  the  ore  is  ordinarily  hard  crystalline  mag- 
netite and  hematite  in  porous,  gnarled,  and  contorted  masses,  with 
coarsely  crystallized  quartz  and  fibrous  chalcedony  as  the  principal 
gangue  mineral,  filling,  wholly  or  partly,  cavities  in  the  ore.  Other 
gangue  minerals  occurring  in  small  and  practically  negligible  amounts 
are  apatite,  mica,  siderite,  diopside,  garnet,  pyrite,  chlorite,  calcite, 
barite,  galena,  amphibole,  copper  carbonates,  limonite,  and  amethyst. 
Of  these  minerals  barite  and  galena  are  more  closely  associated  with 
the  limestone  than  with  the  ore.  Melanterite,  associated  with  pyrite, 
was  found  in  process  of  formation  in  the  long  tunnel  on  the  Duncan 
claim.  Beneath  the  surface  the  ore  is  usually  softer  and  contains  a 
larger  proportion  of  soft,  bluish,  reddish,  brownish,  grayish,  and 
greenish  banded  hematite,  limonite,  and  magnetite  in  greatly  varying 
proportions  and  relations.  The  gangue  materials  are  more  abimdant 
than  near  the  surface,  and  calcite  is  in  relatively  increased  proportion 
as  compared  with  the  quartz.  The  banding  in  the  contact  ores 
partly  represents  the  bedding  of  the  limestone,  which,  as  will  be 
shown  later,  the  ore  replaces.  Banding  in  the  dike  or  vein  ores  in 
the  andesite  is  of  unknown  origin,  possibly  the  result  of  original 
deposition.  Some  of  the  softer  ore  at  lower  levels  entirely  lacks 
this  banding.     Locally,  as  on   the  west  side  of  Lindsay   Hill,  the 
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contact  ore  contains  parallel  streaks  of  a  yellow  clayey-looking 
material.  On  examination  this  resolves  itself  into  a  mixture  of  iron 
carbonate,  iron  sulphate,  and  glass,  and  probably  some  residual  clay. 
Some  of  the  narrow  ore  veins  in  the  andesite  possess  a  comb  structure 
formed  by  the  meeting  and  interlocking  of  apatite  crystals  projected 
from  the  walls  (see  fig.  10),  sometimes  not  entirely  closing  the  vein. 

In  the  ore  breccias  the  cements  are  magnetite,  limonite,  calcite,  and 
quartz.  At  the  Milner  mine  and  elsewhere  the  magnetite  has  been 
deposited  first  about  the  fragments,  here  consisting  of  quartzite,  then 
hematite,  then  limonite,  but  exceptionally  in  the  same  locality  the 
Reverse  order  appears. 

The  texture  of  the  ore  as  a  whole  is  good  for  furnace  use.  The 
harder  ores  will  need  crushing. 


Fig.  10.— Vein  of  magnetite  in  andesite.  The  ore.  indicated  by  the  fine  dots,  does  not  quite  fill  the 
oi>ening.  Crystals  of  apatite  penetrate  the  ore  and  interlock  across  the  opening.  One-half 
natural  size. 

For  the  following  information  concerning  the  composition  of  the 
ores  the  writers  are  indebted  to  Mr.  Fred  Lerch,  of  Biwabik,  Minn., 
and  to  Mr.  R.  N.  Dickman,  of  Chicago,  111.,  both  of  whom  have 
exhaustively  sampled  the  ores  of  the  district  for  commercial  purposes. 
Corroborative  figiu"es  were  obtained  from  other  commercial  sources, 
and  in  a  few  cases  analyses  were  made  for  the  writers.  In  all,  about 
200  analyses  from  400  samples  of  ores  have  been  available,  about  two- 
thirds  of  them  containing  determinations  only  of  iron,  silica,  and 
phosphorus,  and  one-third  showing  the  percentages  of  all  the  common 
elements. 

The  average  composition  of  the  ores  of  the  Iron  Springs  district, 
determined  by  combining  all  available  analyses  of  the  ores  of  the  dis- 
trict from  surface  and  pits,  is  as  follows : 

Average  cmnposilion  of  iron  ores  of  the  Iron  Springs  distrirt. 

Per  cent. 

Copper 0.027 

Sulphur 057 

Maugaiif^se 196 

Soda 1.19 

Potassa 80 


Percent. 

Iron 56 

Silica 7 

Phosphorus 200 

Lime  and  magnesia 4 

Alumina 1 

Water 3 
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The  samples  run  as  low  as  45  per  cent  in  iron  and  as  high  as  69  per 
cent.  The  hard  ore  in  the  andesite  runs  higher  on  the  average  than 
the  ore  in  the  limestone.  The  ore  at  the  surface,  with  few  exceptions, 
has  a  higher  percentage  of  iron  than  that  below,  the  difference  ranging 
from  3  to  12  per  cent. 

Phosphorus  may  diminish  slightly  in  the  deepest  explorations,  that 
is,  below  about  100  feet,  but  the  distribution  is  so  irregular  and 
capricious  that  this  generalization  is  doubtful.  There  are  common 
variations  within  a  short  distance,  both  vertical  and  horizontal,  of 
0.050  to  3.18  per  cent.  A  few  10-foot  samples  of  ore  run  below  the 
Bessemer  limit  in  phosphorus,  but  practically  all  the  ore  as  mined  will 
be  non-Bessemer  ore. 

Snica,  averaging  about  7  per  cent,  varies  between  2  and  28  per  cent, 
the  lower  figures  being  more  common  in  the  ore  in  the  andesite. 
There  is  a  distinct  loss  of  silica  at  the  surface,  amounting  to  about 
4  per  cent  as  compared  with  that  immediately  below  the  surface. 

Lime  and  magnesia  range  from  1.5  to  11  per  cent.  The  hard  ores 
in  the  andesite  carry  slightly  less  than  the  soft  ores  in  the  limestone. 
In  both  types  the  deeper  ores  carry  the  higher  percentage.  While 
both  silica  and  lime  are  in  greater  quantity  below  the  surface,  cor- 
responding to  a  lower  percentage  of  iron,  the  lime  and  magnesia 
increase  relatively  faster  than  the  silica  with  depth.  Whereas  at 
the  surface  a  common  ratio  of  silica  to  calcium  and  magnesium  oxides 
is  2  to  1  by  weight;  below  the  surface  it  is  more  nearly  1  to  1. 

Combined  water  varies  from  less  than  I  per  cent  in  the  magnetite 
to  4  per  cent  in  the  soft  ores,  averaging  about  3  per  cent.  One 
determination  of  moisture  in  crystallized  magnetite^  gives- 0.45  per 
cent  after  heating  to  110°  C. 

Sulphur  is  present  in  variable  amounts,  averaging  .057  per  cent, 
but  in  the  deep  exploration  of  one  of  the  deposits,  the  Duncan,  this 
figure  is  exceeded  and  the  presence  of  sulphur  becomes  a  serious 
consideration.  There  seems  to  be  no  general  evidence  of  increase 
with  depth,  so  far  as  exploration  has  yet  gone,  but  water  level  has 
not  yet  been  reached  in  the  explorations. 

Copper,  titanium,  and  manganese  are  present,  but  not  in  injurious 
amounts. 

Soda  and  potassa  are  determined  in  a  single  specimen.^  Their 
significance  is  discussed  on  page  77. 

PI.  XX  summarizes  the  available  information  in  regard  to  the 
variation  of  composition  with  depth. 

A  comparison  of  average  analyses  of  Iron  Springs  iron  ores  wath 
Lake  Superior  hematites  and  with  the  Clinton  hematites  of  Alabama 
is  made  in  the  following  table: 

a  Specimen  4G113,  Lindsay  Hill.    Analysis  by  R.  D.  Hall,  University  of  Wisconsin, 
b  Specimen  46333A,  Lindsay  Hill.    Analysis  by  R.  D.  Hall.  University  of  Wisconsin. 
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Comparison  of  average  analyses  of  Iron  Springs  iron  ores  with  ores  of  Lake  Superior  and 

Alabama. 


Iron  (metallic) 

Silica 

Phosphorus.  .• 

Lime  and  magnesia . 
Alumina . 


Iron 

Springs 

ores. 


Water,  above  220° 

Copper 

Sulphur 

Manganese 

Carbonic  acid  


56 

7 


.200 

4 

1 

3 
.027 
.057 
.196 


Lake  Su- 
perior 
ores.o 


59.0 
7.5 
.067 
1.3 
1.5 
4.0 


.019 


Alabama 
hema- 
tites.6 


37 

13.44 
.37 
16.2 
3.18 
.50 


.07 
'i2.'24 


a  Average  cargo  analyses  for  1905. 

6  Birkinbine,  .lohn,  The  iron  ores  of  Alabama  (average  analysis  by  Dr.  William  B.  Phillips):  Nine- 
teenth Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  6,  1898,  p.  02. 

It  will  be  noted  that  the  Iron  Springs  ores  are  intermediate  in 
composition  between  the  two  other  great  classes  of  ores. 

SIZE    ANT)   QUANTITY   OF   ORE    DEPOSITS. 

The  iron-ore  deposits  var^^  from  mere  stringers  to  those  having 
an  area  of  1,670,000  square  feet.  The  aggregate  surface  of  all  the 
ore  deposits  of  the  district  is  5,430,000  square  feet  or  0.2  square  miles. 

The  aggregate  tonnage  of  all  grades  of  ore  in  the  district,  deter- 
mined by  multiplying  the  known  area  by  the  best  available  infor- 
mation as  to  depth  in  pits,  drill  holes,  and  erosion  sections  is  40,000,000 
tons.  The  largest  single  deposit,  figured  on  the  same  basis,  has 
15,600,000  tons.  It  is  altogether  likely  that  the  figures  are  much 
too  small  rather  than  too  large,  because  the  depths  used  in  the  cal- 
culation have  been  those  actually  observed,  and  observation  has 
not  yet  gone  to  the  bottom.  Inferences  concerning  the  extension 
of  the  ore  beneath  the  present  workings,  based  on  the  manner  of 
origin  of  the  ore,  are  discussed  on  pages  87-89. 

DEVET.OPMENT. 

During  the  years  1874  to  1876  a  small  furnace,  with  a  daily  capacity 
of  5  tons,  was  built  and  operated  at  Iron  City,  5  miles  southwest 
of  Iron  Mountain.  The  product  was  taken  to  the  then  prosperous 
silver  mining  camp  at  Pioche,  Nev.,  and  to  Salt  Lake,  Utah.  Later 
the  old  stack  was  torn  down  and  a  new  one,  projected  to  take  its 
place,  never  rose  higher  than  the  foundation.  The  coal  was  derived 
from  the  Harmony  Mountains,  5  miles  to  the  southeasrt.  The  ore 
used  in  this  furnace  was  taken  out  of  the  Duncan  claim,  one  of  the 
southernmost  exposures  of  ore  in  the  Pinto  groups  of  claims,  from 
shallow  pits  and  short  tunnels  near  the  surface. 

From  time  to  time  since  the  discovery  of  the  deposits,  pits  and 
tunnels  have  been  sunk  in  the  ore,  principally  to  meet  assessment 
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requirements,  but  partly  to  show  up  the  ore  bodies.  Some  of  the 
more  vigorous  exploration  was  conducted  during  the  years  1902 
and  1903.  The  total  number  of  pits  sunk  to  date  has  been  approxi- 
mately 1 ,600,  of  which  30  have  gone  to  a  depth  greater  than  50  feet. 
The  maximum  depth  has  been  130  feet. 

Diamond  drills  have  been  used  only  at  the  Desert  Mound,  where 
5  holes  have  been  sunk.  The  detailed  results  of  this  drilling  have 
been  withheld  from  the  United  States  Geological  Survey,  though 
some  of  the  cores  have  been  examined. 
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CHAPTER  VII. 
ORIGIN  OF  THE  IRON  ORES. 

The  principal  ore  deposits,  viz,  those  near  the  contact  of  the 
andesite  and  Hmestone,  are  partly  replacements  of  limestone.  The 
original  bedding  of  the  limestone  has  been  preserved  in  the  ore  in  a 
number  of  places,  and  there  is  gradation  between  the  ore  and  the 
limestone.  These  deposits  are  also  in  part  fdlings  of  fissures  in 
limestone  or  between  limestone  and  andesite.  Where  ore  occurs 
within  the  andesite  it  fills  fissures.  The  source  of  the  iron-bearing 
solutions  is  the  same  for  the  limestone  replacements  and  for  the  vein 
fillings  in  the  limestone  and  in  the  andesite,  for  their  mineralogical 
and  textural  characters  are  the  same  and  in  a  few  cases  they  are 
actually  connected.  Several  hypotheses  as  to  this  source  have 
suggested  themselves:  (1)  That  the  ore-bearing  solutions  were 
associated  with  the  intrusion  of  the  andesite  as  '' igneous  after- 
effects;^' (2)  that  they  were  meteoric  waters,  cold,  or  heated  by 
contact  with  the  laccolith,  acting  after  the  laccolithic  intrusions 
and  before  the  eruption  of  the  surface  flows;  (3)  that  they  were  hot 
solutions,  magmatic  or  meteoric  or  both,  connected  with  the  late 
eruptives  of  the  district,  deriving  the  ores  from  the  efl'usives  or  from 
the  underlying  rocks;  (4)  that  they  were  cold  meteoric  waters  lat^r 
than  the  efl'usives;  (5)  that  they  were  due  to  some  combination  of 
these  sources.  The  source  of  the  ore  is  best  explained  by  the  first 
hypothesis,  but  later  concentrati(ms  of  the  ore  have  occurred  in  the 
order  named. 

CONCKNTRATIOX  AISD  AliTERATION. 

DEPOSITION    OF    ORE    FOLLOWING    LACCOLITH    INTRUSIONS    AS 
IGNEOUS  AFTER-EFFECTS. 

INTRODUCTION   OF   THE   ORE. 

The  general  association  of  the  ores  with  the  andesite  and  their 
specific  association  with  fissures  and  faults  in  the  andesite  and  the 
immediately  adjacent  limestones,  the  nature  of  the  ores  and  gangue 
materials,  especially  the  primary  association  of  magnetite  with 
garnet,  amphibole,  pyroxene,  mica,  apatite,  iron  sulphide,  and  glass, 
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seem  to  allow  of  but  one  general  interpretation,  and  that  is  that  the 
ore-bearing  solutions  were  hot,  rising  from  a  deep-seated  source 
through  fissures  in  the  andesite  now  filled  with  ore,  at  a  period  closely 
following  the  crystalKzation  of  at  least  the  outer  part  of  the  lacco- 
lithic  mass. 

That  the  ore  was  introduced  after  the  hardening  and  crystalli- 
zation of  the  andesite  and  not  before  is  shown  not  only  by  its  occur- 
rence in  clear-cut  fissures  in  the  andesite  and  by  the  metamorphism 
of  the  andesite  near  the  ore,  but  also  by  the  lack  of  anything  in  the 
nature  of  a  basic  edge  in  the  andesite,  by  the  lack  of  irregularity  in 
its  composition,  by  the  absence  of  ore  for  considerable  intervals 
along  the  andesite  contact,  and  by  the  fact  that  the  intrusion  of  the 
andesite  metamorphosed  the  limestone  in  a  clearly  recognizable 
manner,  recrystallizing  it,  decarbonating  it,  rendering  it  more  sili- 
ceous, and  indurated  the  Pinto  sandstone  to  a  quartzite  spotted  by 
the  segregation  of  ferrous  iron  in  the  form  of  amphibole — all  before 
iron  was  introduced. 

The  ore-bearing  fissures  within  the  andesite  (see  p.  67)  are  of  a 
kind  which  results  from  cooling  and  stretching.  They  are  curved, 
tapered,  branching,  and  in  parallel  sets,  some  of  them  minutely 
parallel  and  anastomosing  (see  PI.  XXI,  B).  The  contraction 
accompanying  the  crystallization  of  the  lava  may  also  account  for 
the  ore-bearing  fissures  and  faults  following  the  periphery  of  the 
andesite,  and  affords  a  good  explanation  for  the  occurrence  of  ores 
at  the  contact  in  lens-shaped  masses  with  their  longer  diameters 
parallel  to  the  contact.  The  crystallization  of  a  laccolith  the  size 
of  the  Iron  Mountain  laccolith  from  a  viscous  or  glassy  condition 
would  yield  a  radial  shortening  of  200  to  500  feet,  depending  on  the 
depth  assigned  to  the  laccolith.  The  parting  of  the  andesite  from 
the  limestone  during  cooling  finds  its  analogue  in  the  parting  of  a 
casting  from  the  mold. 

The  association  of  the  ores  with  heavy  anhydrous  silicates,  char- 
acteristic of  slow-cooling  intrusions,  eliminates  the  possibility  of 
development  from  the  later  effusives,  which  develop  at  their  con- 
tacts minerals  of  a  different  kind. and  association,  listed  on  page  85. 

It  is  thought  likely  that  the  ore,  at  least  the  part  within  the  zone 
of  observation,  was  originally  deposited  as  magnetite  rather  than 
as  sulphide.  Had  it  originally  been  sulphide,  the  subsequent  altera- 
tion to  magnetite  would  scarcely  have  left  unchanged  the  closely 
associated  silicates.  The  magnetites  are  nowhere  observed  to 
pass  down  into  sulphides,  although  the  ground-water  level  has  not' 
been  reached.  Until  it  has  been  reached,  statements  regarding  the 
sulphides  must  be  regarded  as  tentative. 

Assuming,  then,  in  the  absence  of  negative  evidence,  that  the 
iron  was  deposited  primarily  as  magnetite,  the  iron  may  be  supposed 
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to  have  been  carried  as  a  ferrous  compound  of  some  kind,  possibly 
chloride  or  carbonate  or  sulphate,  and  its  deposition  as  magnetite 
required  partial  oxidation.  At  the  time  of  the  intrusion  the  cov- 
ering of  the  laccolith  was  probably  about  4,000  feet  thick,  which 
would  give  little  opportunity  for  the  entrance  of  oxygen  from  the 
air.  The  expulsion  of  the  carbon  dioxide  from  the  limestone  which 
preceded  the  deposition  of  the  ore  may  also  have  aided  in  keeping 
out  oxygen.  The  probable  alternative  source  of  the  oxygen  is  that 
derived  by  the  breaking  up  of  the  water.  Ferrous  chloride  reacts 
with  water  at  temperatures  above  500°  C,  with  the  simultaneous 
development  of  magnetite,  hydrochloric  acid,  and  free  hydrogen, 
as  follows:" 

3FeCl2  -h  4H,0  =  Fefi,  +  6HC1  +  H^  +  77Cal.  ^ 

As  magnetite  is  soluble  in  hydrochloric  acid,  there  could  obviously 
be  no  precipitation  as  long ^  as  this  acid  remained,  but  it  is  neu- 
tralized by  the  limestones  which  the  solutions  meet  and  the  ore 
precipitated.  Magnetite  has  abimdantly  replaced  limestone  in  this 
district,  as  shown  by  the  retention  of  the  bedding  structure  of  the 
limestone.  Interchange  of  the  ferrous  iron  with  the  lime  would 
also  precipitate  the  iron  as  iron  carbonate,  which  is  found  associated 
with  the  magnetite.  Had  the  iron  been  carried  in  ferric  solution, 
limestone  would  have  precipitated  it  as  hematite!  Possibly  the 
hematite  found  in  small  amount  in  the  ore  may  be  so  explained. 
Magnetite  .would  also  be  precipitated  by  the  evaporation  and  dis- 
persion of  the  solution,  which  would  result  from  the  lowering  tem- 
perature and  pressure  as  the  solutions  left  the  andesite.  Hydro- 
chloric acid  is  easily  volatilized  with  water,  making  it  difficult  to 
dehydrate  a  chloride  without  losing  chlorine.  So  far  as  hydro- 
chloric acid  was  lost,  magnetite  would  be  deposited.  Kahlenberg* 
regards  this  process  as  entirely  adequate  to  accomplish  abundant 
precipitation  of  magnetite  uhder  the  stated  conditions.  The  exist- 
ence of  magnetite  in  dikes  in  the  andesite  or  as  cement  in  quartzite 
breccias,  where  limestone,  as  an  alternative  precipitating  agent,  is 
not  present,  is  perhaps  to  be  explained  by  this  method  of  precipita- 
tion. 

One  of  the  conspicuous  features  of  the  contact  metamorpliism  of 
the  limestone  and  the  metamorphism  of  the  andesite  adjacent  to 
the  ores  is  the  introduction  of  soda.  The  ore  of  the  first  concentra- 
tion itself  shows  a  dominanee  of  soda  over  potassa.  These  facts 
suggest  that  soda  has  been  introduced  not  only  into  the  limestone 
during  its  metamorphism  but  also  later  with  the  iron.  It  would 
be  easy  to  explain  the  transportation  of  this  salt  in  the  chloride 

a  Moissan.  Henri:  Traits  de  chimie  mindrale,  vol.  4,  1905.  p.  330. 

b  Personal  communication,  Ivouis  Kabienberg,  Univ.  Wisconsin,  1907. 
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solution  above  hypothesized  for  the  carrying  of  the  iron.  Lindgren 
finds  salt  in  inclusions  in  vein  quartz  with  a  probable  igneous  origin. 
This  most  volatile  of  all  the  common  mineral  compounds  is  an 
abundant  emanation  product  of  volcanoes.  It  may  be  noted  that 
sodium  chloride  would  be  decomposed  by  reaction  with  silicic  acid 
undoubtedly  met  in  the  limestone  contact,  precipitating  the  sodium 
in  its  present  silicate  combination. 

The  introduction  of  apatite,  garnet,  amphibole,  and  pyroxene,  all 
of  them  containing  lime,  and  the  greater  abundance  of  these  minerals 
nearer  the  limestone  than  elsewhere,  suggests  reaction  between  the 
hot  solution  and  the  limestone.  It  is  not  certain,  however,  that 
the  limestone  was  necessary  as  a  precipitating  agent  for  the  reason 
that  these  minerals  are  also  found  in  fissures  in  the  andesite  entirely 
away  from  the  limestone.  The  deposition  of  silicates  may  equally 
well  have  been  a  function  of  the  change  of  temperature  of  the  solu- 
tions. The  order  of  deposition  of  the  principal  minerals  of  this  first 
concentration  seems  to  have  been:  (1)  Magnetite  (and  other  oxides), 
pyrites,  and  amphibole,  apatite,  and  garnet;  (2)  diopside. 

Interlayered  with  the  magnetite  and  closely  associated  with  glass 
is  amorphous  iron  carbonate,  the  genetic  relations  of  wliich  to  the 
other  minerals  are  not  known. 

SOURCE   AND   CONDITIONS   OF  THE   ORE-BEARING    SOLUTIONS. 

Judging  from  records  available  elsewhere  as  to  flow  of  meteoric 
waters  with  depth,  the  4,000  feet  of  rock  covering  the  laccolith 
probably  prevented  ready  access  of  abundant  meteoric  waters.  Such 
as  were  present  in  the  rocks  may  have  reached  high  temperatures 
adjacent  to  the  laccolith,  and  may  have  aided  in  the  ore-depositing 
processes.  But  that  the  principal  source  of  the  solutions  was  the  hot 
andesite  magma  seems  to  be  implied  by  the  nature  of  the  minerals 
deposited  and  their  association,  and  maimer  of  association,  with  the 
laccolith.  These  solutions  were  ejected  after  at  least  the  outer  parts 
of  the  laccolith  had  crystallized. 

That  the  temperature  of  the  solutions  was  high  is  clearly  shown  by 
the  nature  of  the  materials  deposited.  The  temperature  was  above 
the  critical  temperature  of  water — 365° — judging  from  experi- 
mentally determined  temperatures  necessary  for  the  crystallization  of 
certain  silicates  similar  to  those  here  found."  A  temperature  higher 
than  the  critical  temperature  is  further  indicated  by  the  presence  of 
glass  in  the  ores  locally.  From  the  fact  that  the  fusion  of  the  contact 
phase  of  limestone  probably  took  place  at  temperatures  ranging 
upward  from  1,000°  (see  p.  36)  and  that  the  ore  is  in  veins  in  this 

a  Allen,  E.  T.,  Wright,  F.  E.,  and  Clement,  J.  K.,  Minerals  of  the  composition  MgSlOa;  a  case  of 
tetramorphism:  Am.  Jour.  Sci.,  4th  ser.,  vol.  22,  1906,  p.  399. 
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phase  and  does  not  replace  it,  it  may  be  inferred  that  the  ore-bearing 
solutions  were  introduced  into  the  Hmestone  after  its  temperature  had 
fallen  below  1,000*^.  There  is  nothing  to  show  that  the  temperature 
of  the  wall  rock  may  not  have  been  much  lower,  but  the  introduction 
of  the  ore  followed  so  closely  that  the  presumption  is  that  the  tem- 
p)erature  may  not  have  been  much  below  1,000°  C.  The  rock  pressure 
above  the  laccolith,  amounting  at  a  maximum  to  the  weight  of  4,500 
feet  of  rock,  was  sufficient  to  hold  the  solution  in  a  liquid  state  at 
temperatures  of  less  than  365*^.  The  hydrostatic  pressure,  which 
was  probably  the  only  effective  one,  was  sufficient  to  hold  the  solution 
in  a  liquid  state  below  temperatures  of  325°  C. 

It  is  concluded  that  the  solutions  were  probably  after-effects  of 
the  andesite  laccolith  intrusions. 

It  is  perhaps  better  to  refer  the  solutions  vaguely  to  -'after-action** 
than  to  attempt  more  specifically  to  indicate  whether  they  have 
come  from  the  andesite  itself  or  from  some  deep  reservoir  common  to 
the  andesite  and  the  solutions.  The  abundant  presence  of  magnetite 
in  the  andesite — 3 J  to  4  per  cent — as  so-called  ** reaction  rims**  about 
biotite,  and  to  a  less  extent  about  hornblende,  suggests  a  possible 
connection  between  the  andesite  and  the  ore-bearing  solutions.  The 
occurrence  of  magnetite  in  these  relations  has  been  held  by  Washing- 
ton **  to  indicate  the  instability  of  the  biotite  and  hornblende  under 
surface  conditions  and  their  breaking  down  into  paramorphic  mag- 
netite and  augite,  the  latter  being  less  abimdant  about  the  biotite 
than  about  the  hornblende,  and  thus  unimportant  or  altogether  lacking 
in  the  Iron  Springs  rocks.  By  others  the  magnetite  rims  have  been 
explained  as  due  to  absorption  (solution)  by  the  surrounding  magma. 
The  abundance  of  hydrogen  gas  (see  p.  81)  suggests  that  the  develop- 
ment of  the  magnetite  has  resulted  from  the  breaking  down  of  water. 
But  whatever  the  origin  of  the  rims,  it  is  apparent  that  the  separation 
of  the  magnetite  has  occurred  late  in  the  cooling  of  the  andesite.  It 
would  simplify  matters  greatly  if  this  segregation  of  magnetite  could 
be  shown  to  be  definitely  related  in  some  way  to  the  ore-bearing  solu- 
tions coming  out  of  the  andesite,  but  the  writers  know  of  no  way  to 
dfo  this. 

CONCENTRATION  OF  ORE  BY  WEATHERING  PRIOR  TO  ERUPTION 
OF  TERTIARY  LAVAS. 

When  erosion  had  imcovered  the  ore  deposits,  it  is  reasonable  to 
infer  that  the  same  processes  of  concentration  that  may  be  observed 
to-day  were  effective.     These  are  described  on  pages  82-84. 

a  Washington,  H.  8.,  The  roagmatic  alteration  of  hornblende  and  biotite:  Jour.  Qeol.,  vol.  4, 1896, 
pp  257-282. 
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CONCENTRATION  UNDER  THE  INFLUENCE  OF  TERTIARY  LAVAS. 

Inferonco  of  the  modification  of  the  ores  by  contact  of  the  late  lavas 
is  to  he  drawn  from  the  topographic  relations  of  the  ores  and  lavas. 
The  lavas  at  one  time  rested  directly  against  the  andesitic  cores  of  the 
mountains,  upon  the  eroded  edges  of  limestones  and  other  sediments, 
and  upon  the  ores.  The  principal  ore  deposits  on  the  lower  slopes  of 
the  hills  are  exposed  at  about  the  same  elevation  as  the  lower  part 
of  the  lavas.  Erosion  has  cut  the  lavas  back,  so  that  they  now  fringe 
the  ore-bearing  areas.  (See  PI.  II.)  The  heated  waters  associated 
with  the  lavas  flowed  along  the  andesite  slopes  where  the  ores  occur. 

Tiider  the  influence  of  the  lavas  and  accompanying  solutions,  limo- 
nite  was  dehydrated,  limonite  and  hematite  were  deoxidized  (a  process 
easily  brought  about  in  the  laboratory  by  passing  steam  over  such 
ores)  and  all  of  the  minerals  were  coarsely  recrj'stallized,  making  the 
up|HT  parts  of  the  deposits  nearest  the  lavas  consist  principally  of 
coarsi^ly  crystallized  magnetite  and  some  hematite.  Hot  solutions 
from  the  lavas  introduced  new  minerals  into  cavities  in  the  ore  then 
and  prt^viously  formed.  These  minerals  consist  principally  of  quartz 
and  chalcedony  and  to  a  subordinate  extent  of  hematite,  magnetite, 
siilerito,  limonite,  chlorite,  calcite,  barite.  galena,  and  the  copper  ca^ 
bonatos.  The  heavy  anhydrous  minerals  of  the  early  deep-seated 
Ci>ncontratii>n  wore  not  developed. 

Immediately  In^neath  the  lavas  at  observed  contacts  with  the 
(Mari>n  limestone,  there  has  Invn  introiluced,  obviously  from  the  lava, 
an  abumlance  of  mort*  or  less  iron-staineil  chalceilony,  with  a  jaspeiy 
ap|H\irance,  iilentical  with  that  oWerveil  in  the  upper  parts  of  the  ore 
depi>sits.  The  lavas  themselves  contain  abumlant  chalcedonic  quartz, 
tilling  largi^  and  small  cavities  and  also  minutely  disseminata 
through  the  rink  so  intimately  as  to  suggest  hot  solutions  accompany- 
ing and  inuneiliately  folK>wing  the  cooling  of  the  lavas. 

To  test  the  cvmclusion  that  the  chalcedony,  taken  to  be  the  chief 
Contribution  of  the  extrusions,  was  not  nn\lly  ile posited  from  meteoric 
watei^s,  determination  was  nnule  i>f  the  gas  content  of  the  chalcedony 
assiH'iated  with  the  on\  for  which  the  writers  are  indebted  to  Rollin 
T.  rhamlHTlin  of  the  I'niversity  of  Chicago.  This  analysis  is  com- 
pannl  in  the  following  table  with  analy si^s  of  gas  content  of  the  andes- 
ite of  the  Iron  Springs  vlistrict  by  Mr.  niaml>erlin.  one  of  volcanic 
emanations  bv  Fouque,  ami  one  of  crystalline  rocks  by  Tilden. 


OBiaiK  OF  THE  IBON  0BE8. 


81 


Andlytes  of  gas  content  of  chalcedony  •  associated  mth  ore^  of  andesiUj  of  voUxmic 
emanations f  and  of  the  average  of  five  crystalline  rocks. 


A. 

B. 

C. 

D. 

H*fl 

0.00 

13.  «3 

11.26 

.00 

4.00 
64.40 

6.44 

0.12 

13.93 

18.18 

.00 

3.63 
58.71 

5.43 

r^l 

0.22 

34.104 

CO 

Ot 

fl.ll 

.07 

56.70 

21.90 

8.422 

CH^ : 

3.224 

Hi 

52.134 

Nt 

2.072 

Volume  of  gas  per  voluine  of  rock 

100.03 
.82 

100.00 
.82 

100.00 

99.958 
4.5 

A.  Specimen  46613.    Chalcedony  in  ore.    From  Crystal  claim,  Iron  Mountain,  Iron  County,  Utah. 
Analysis  by  Roliin  T.  Chamberlin.    O**  C.  and  760  mm.  pressure. 

B.  Specimen  46612.    Andesite  from  Granite  Mountain,  Iron  County,  Utah.    Analysis  by  Roilin  T. 
Chamberlin.    Same  conditions. 

C.  Gaseous  emanations  from  Santorin.    Analysis  by  Fouqu6.    (Santorin  et  ses  Eruptions,  p.  225.) 
When  studied  spectroscopically  these  gases  were  found  to  have  traces  of  chlorine,  soda,  and  copper. 

D.  Average  of  five  crystalline  rocks.    Analysis  by  Tilden.    (Chem.  News,  November  9, 1897.)    Stand- 
ard conditions. 

The  gases  in  the  chalcedony  associated  with  the  ore  are  roughly 
similar  in  their  proportions  to  those  of  igneous  rocks  and  volcanic 
conditions  and  differ  generally  in  their  proportions  from  the  gases  of 
the  atmosphere.  The  gas  analyses  therefore  furnish  corroborative 
evidence  of  the  introduction  of  the  chalcedony  directly  from  the  late 
lavas. 

That  iron  was  introduced  into  the  underlying  rocks  by  the  hot  lava 
solutions  is  shown  by  its  intimate  relations  with  the  chalcedony  in 
the  jaspery  phases  at  observed  contacts  of  the  lava  and  by  its  occur- 
,  rence  in  crystalline  masses  with  chalcedony,  partly  or  wholly  filling 
cavities  in  the  ore.  The  lava  masses  themselves  are  locally  rich  in 
iron.  In  the  Antelope  Springs  area  samples  of  the  lavas  (not  veins) 
run  as  high  as  6.5  per  cent  metallic  iron.  A  few  veins  of  magnetite 
and  hematite  are  found  in  the  lavas,  which  may  have  come  from  late 
lava  solutions  or  from  meteoric  waters  acting  subsequently.  The 
microscope  discloses  reaction  rims  about  the  biotite  (as  in  the  andes- 
ite, p.  48)  formed  during  and  following  the  flow  of  the  lavas.  The 
segregation  of  iron  salts  in  the  magma  is  further  demonstrated  by 
schlieren  in  the  groundmass  of  the  lavas,  some  of  them  light  colored 
and  some  of  them  darker  colored  owing  to  a  higher  content  of  iron, 
and  still  further  by  the  occasional  segregation  of  magnetite  or  siderite 
about  amygdaloidal  cavities,  both  as  fillings  and  as  segregations  in 
the  adjacent  groundmass.  It  is  easy  to  conceive  that  iron  salts  got 
into  the  aqueous  solutions  which  were  in  the  lava  at  this  stage  of  the 
cooling. 

The   introduction   of  calcite,   quartz,   siderite,   limonite,   galena, 

barite,  and  copper  carbonates  from  the  lavas  is  well  shown  at  Chloride 

Canyon,  where  immediately  below  the  contact  these  minerals  appear 

in  veins  or  disseminated  through  the  rock.    Chlorite  is  not  found 

284e3— Bull.  338—08 6 
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here,  but  is  present  elsewhere  in  the  same  associations  and  was  prob- 
ably also  introduced  by  the  lava  waters. 

So  obvious  and  striking  are  the  effects  of  the  extrusion  of  the 
lavas  upon  the  principal  ore  deposits  of  the  lower  slopes  of  the 
laccoliths  that  the  question  was  raised  in  the  field  study  whether 
this  concentration  could  not  have  been  the  principal  and  perhaps 
the  only  one,  but  the  evidence  seems  to  be  conclusive  that  the  con- 
centration under  the  influence  of  the  Tertiary  lavas  was  after  all 
relatively  sUght.  Limestones  in  contact  with  the  lava,  but  away 
from  the  andesite,  do  not  cany  iron-ore  deposits,  although  reddened 
and  silicified  by  solutions  from  the  overiying  lava.  The  minerals 
(barite,  galena,  copper  carbonates,  etc.)  deposited  in  the  ore  by 
these  solutions  are  distinctly  later  than  the  main  mass  of  the  ore, 
which  is  intimately  associated  with  heavy  anhydrous  silicates  char- 
acteristic of  deep-seated  intrusions.  The  coarse  recrystallization 
of  the  ore  imder  the  lava  influence  seems  to  be  shallow  and  the 
recrystallized  ore  to  be  superposed  upon  ore  of  finer  and  softer 
texture. 

It  seems  a  reasonably  safe  conclusion  that  during  and  following 
the  lava  extrusions  both  hot  meteoric  waters  and  waters  contributed 
by  the  lavas  flowed  down  the  andesite  slopes,  that  they  were  inter- 
mingled, and  that  the  results  of  their  work  are  not  to  be  closely 
discriminated.  The  contribution  of  minerals  from  the  lavas,  however, 
would  seem  to  require  emphasis  on  the  effectiveness  of  the  waters 
from  them. 

ALTERATIONS  SUBSEQUENT  TO  TERTIARY  ERUPTIONS. 

Observation  has  not  yet  gone  below  water  level,  so  that  a  com- 
parison of  the  ores  of  the  weathered  and  unweathered  zones  can  not 
be  made.  In  general  the  characteristics  of  the  ore  are  determined 
by  conditions  other  than  weathering.  However,  the  ores  as  a  whole 
are  more  porous  near  the  erosion  surface  than  below  in  pits.  There 
is  less  calcite  above  than  there  is  below.  It  is  inferred  that  there  has 
been  leaching  of  the  calcite  above  and  perhaps  redeposition  below. 
The  calcite  is  partly  in  fine  granular  form,  incrusting  ore  and  rock 
surfaces,  and  is  similar  in  appearance  to  carbonate  seen  about  some 
of  the  old  vents  of  hot  springs  in  this  district.  The  possibility  is 
therefore  suggested  that  the  solution  and  redistribution  of  the  calcium 
carbonate  went  on  partly  through  the  agency  of  warm  waters  during 
th^  period  of  the  cooling  of  the  lava.  However,  redistribution  is  yet 
going  on,  through  the  agency  of  cold  meteoric  water,  with  sufl5.cient 
rapidity  to  incrust  rapidly  changing  erosion  surfaces. 

The  magnetite  commonly  alters  to  limonite  and  hematite,  in  thin 
incrusting  films,  not  directly  at  the  surface,  but  in  the  solution 
cavities  and  in  fissures  near  the  surface.     This  alteration  seems  tc 
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be  at  a  maximum  near  the  contact  of  ores  and  the  adjacent  rocks  at 
the  surface.  Iron  sulphide  is  changed  to  Umonite  and  melanterite, 
some  of  which  is  removed  in  solution.  Iron  carbonate  alters  to 
Umonite. 

Apatite  has  been  altered  to  osteolite  and  leached  in  the  upper 
parts  of  the  ores  to  a  very  considerable  extent.  Frequently  the 
entire  crystal  of  apatite  has  disappeared,  its  former  presence  being 
indicated  only  by  the  shape  of  the  cavity.  Presumably  this  apatite 
is  redeposited  below.  This  does  not  necessarily  mean  that  the  ores 
beneath  the  surface  will  run  higher  in  phosphorus  than  at  the  surface, 
for  the  reason  that  there  may  be  concentrated  at  the  present  surface 
a  large  part  of  the  phosphorus  which  has  come  from  the  erosion  of 
the  overlying  materials — a  relatively  larger  amoimt  of  phosphorus 
than  has  been  leached  from  the  present  surface  and  carried  farther 
down. 

Erosion  has  cut  down  the  ore  deposits  many  feet,  as  shown  by 
abundant  ore  dfibris  on  the  slopes.  The  ore  is  fissiu-ed.  Extreme 
temperature  changes  spall  off  considerable  blocks  bounded  at  the 
sides  by  fissure  planes.  The  ultimate  product  is  magnetic  sand, 
abundantly  found  on  the  lower  slopes.  For  most  of  the  district  this 
erosion  has  gone  on  much  less  rapidly  in  the  ore  than  in  the  adjacent 
andesite  and  limestone,  with  the  result  that  the  ore  stands  up  in  con- 
spicuous black  masses  above  the  surrounding  rocks.  In  a  number  of 
places,  however,  as  on  the  Vermilion,  Lindsay,  Enterprise,  part  of  the 
Mount  Lion  group,  Comstock,  Sunbeam,  Wellington,  Queen  of  the 
West,  Black  Hawk,  Pinto  mine,  Pinto  Nos.  3,  5,  and  6,  Biu-ke  No.  5, 
Red  Clouds,  and  Duncan  No.  1  claims,  the  ore  has  been  cut  down 
flush  with  the  surrounding  rocks.  In  these  places  the  ore  is  uni- 
formly softer  than  where  standing  up  in  conspicuous  crags.  It  may 
be  that  the  hard  crystalline  siu^face  ores,  serving  more  or  less  as  pro- 
tecting caps,  have  been  locally  undermined  and  cut  off,  leaving  the 
underlying  softer  ore  unprotected,  with  the  result  that  it  is  cut  down 
fully  as  rapidly  as  the  adjacent  rocks. 

There  is  no  evidence  that  weathering  contributed  to  the  deposits 
any  considerable  amount  of  ore  from  adjacent  rocks.  During  erosion 
the  magnetic  iron  of  the  andesite  is  concentrated  into  magnetic  sands, 
as  is  the  magnetite  derived  from  the  disintegration  of  the  ore  deposits. 
If  alumina  be  assumed  to  remain  constant  during  weathering  it  will  be 
apparent  from  the  analyses  of  the  andesite  that  a  small  percentage  of 
iron  has  been  lost.  With  this  percentage  of  loss  it  would  require  the 
weathering  of  a  mass  100  feet  thick  and  0.2  square  mile  in  area  to 
yield  a  million  tons  of  56  per  cent  ore. 

Iron  is  only  slightly  leached  from  the  limestone  during  weathering, 
all  but  a  minute  part  remaining  in  the  residual  clay.  The  residual 
soil  from  the  Homestake  limestone  has  been  removed  and  the  ore 
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deposits  lack  clay  characteristic  of  residual  deposits.  If  the  slight 
amount  carried  off  during  weathering  be  assumed  to  be  available  for 
the  development  of  ore  deposits,  there  seems  to  be  no  reason  why 
limestone  of  this  low  percentage  of  iron  should  yield  sufficient  ore  for 
ore  deposits  in  the  particular  localities  where  they  now  occur  and  not 
in  others  where  the  limestone  contains  as  much  iron. 

SUMMARY    OF    MINEBAIi   ASSOCIATIONS    OF    OB£S    IN 
RELATION  TO  ORIGIN. 

The  first  effect  of  the  andesite  laccolith  intrusions  was  the  develop- 
ment of  the  silicated  contact  phase  of  limestone  containing  the 
minerals  of  column  1  in  the  following  table.  Slightly  later,  veins 
containing  much  the  same  association  of  minerals  cut  andesite  and 
limestone  (column  3).  About  the  same  time  came  the  introduction  of 
ore-bearing  solutions  in  veins  both  in  andesite  and  limestone  and  also 
replacing  limestone  (column  2).  The  minerals  deposited  are  much 
the  same  as  those  previously  developed  in  the  contact  limestone, 
though  albite  and  orthoclase,  present  in  the  contact  phase,  have  not 
been  found  in  the  ore,  while  apatite  and  garnet  are  more  abundant  in 
association  with  the  ores  than  elsewhere  in  the  contact  phase.  So 
similar  are  the  groups  of  minerals  developed  up  to  this  point  and  so 
close  their  association  that  they  can  not  be  sharply  separated.  There 
can  be  little  doubt  that  they  are  developed  under  no  greatly  varying 
conditions  with  insignificant  time  intervals.  According  to  Lind- 
gren's  classification,**  the  minerals  of  these  groups  are  characteristic 
both  of  products  of  aqueo-igneous  solutions,  like  pegmatites,  and  of 
products  of  aqueous  solutions,  in  the  lower  contact  zone.  Criteria  do 
not  seem  to  be  available  in  the  Iron  Springs  district  for  clearly  sepa- 
rating the  two  classes.  The  evidence  appears  to  indicate  that  they 
all  result  from  the  andesite  intrusion,  principally  through  the  trans- 
fer of  pneumatolytic  vapors,  but  that  in  the  limestone  contact  they 
are  also  developed  by  simple  elimination  of  lime  and  magnesia,  and 
the  recrystallization  of  the  residue. 

Later,  solutions  from  the  lavas  introduced  another  and  clearly 
distinguishable  group  of  minerals,  listed  in  column  5.  These  are 
found  principally  near  the  contact  of  the  lavas  with  the  prelava 
erosion  surface,  and  were  developed,  therefore,  under  essentially 
surface  conditions.  They  correspond  closely  to  the  minerals  listed 
by  Lindgren^  as  characteristic  of  these  conditions. 

oLlndgren,  Waldemar,  The  relation  of  ore  deposition  to  physical  conditions,  Kcon.  Oeol.,  vol.  2, 
1907.  pp.  122-125. 
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Mineral  associations  of  ores. 


1. 

2. 

3. 

4. 

6. 

6. 

7. 

If fnerala  de- 
veloped in 
limestone 
at  contact 
ofandeaite 
intraaive. 

Mineraia    of 

flrat  ore 
concentra- 
tion under 
influence  of 
andeaite 
intruaive. 

Mineraia    in 

veins  in 

contact 

limestone 

and  ande- 

aite.a 

Minerals    of 

late  ore 
concentra- 
tion under 

influence  of 
effuaives. 

Minerals    of 

same  age 

and  origin 

as  4  but 

occurring 

in  late 

veins  in 

limestones. 

Minerals  in 
veins  and 

amygdules 
in  lavas. 

Weathering 
minerals. 

Quartz 

Calcite 

Diopaide 

A  n  d  r  a  -' 

dite(T). 
Apatite  (?).. 
Actinolite.... 
ICagnetite... 
Hematite.... 

Quartz 

Calcite 

Diopaide 

Andradite... 

Apatite 

Actinolite.... 
Magnetite... 
Hematite 

Quartz 

Calcite 

Diopaide. 
Andradite. 

Apatite 

Quartz,  chal- 
cedony, etc. 

Calcite 

Quartz,  chal- 
cedony, etc. 

Calcite 

Quartz,  chal- 
cedony, 
opal,  etc. 

Caicite 

Osteolite. 

Actinolite. 
Magnetite... 

Magnetite... 
Hematite 

Magnetite. 

Hematite.... 

Hematite. 

Limonlte 

Limonite 

Limonite 

Limonite. 

Albite. 

Orthoclaae. 

Woliaaton- 

ite  (?). 
Phlogopite... 
Serpentine. 

Kaolin. 

Andaluaite. 

Biotite 

KaoUn. 

Pyrite 

Phlogopite. 
Epidote. 

Pyrite. 

Copper  car- 
bonates. 
Siderite. 
Barite. 
Qalena. 
Chalcopyrite. 

Kaolin. 

Titanite. 

Chlorlte.6 
Copper  car- 
bonates. 
Siderite. 

•  subtly  later  than  those  of  column  1  and  of  about  the  same  age  as  ores,  but  containing  no  ore. 

*  Found  in  one  locality  to  depth  of  80  feet  in  porous  ore,  but  probably  still  due  to  action  of  effusives. 

CONCIiUSIONS  AS  TO  THE  ORIGIN  OF  THE  ORES. 

If  the  foregoing  reasoning  is  correct,  the  events  leading  up  to  the 
completion  of  the  ore  deposits  in  their  present  form  are  in  outline  as 
follows: 

(1)  Intrusion  of  andesite  laccoliths  in  Paleozoic  and  Mesozoic 
sediments,  with  consequent  tilting  of  the  strata  in  quaquaversal 
manner  about  the  laccolith  and  contact  metamorphism  of  the  zone 
adjacent  to  it,  accompanied  and  followed  by  Assuring,  jointing,  and 
faulting. 

(2)  Entrance  of  hot  ore-bearing  solutions  through  fissures  in  the 
andesite  into  the  adjacent  sediments,  depositing  ore  as  dikelike 
masses  in  fissures  in  the  andesite,  as  fissure  fillings  and  replacements 
in  the  limestone,  and  as  cements  in  breccias  of  andesite,  limestone, 
and  quartzite.  The  solutions  introduced  also  garnet,  diopside,  am- 
phibole,  phlogopite,  apatite,  calcite,  quartz,  and  pyrite.  Most  of 
these  minerals  had  also  been  developed  in  the  limestone  by  the  pre- 
ceding contact  metamorphism.  Soda  was  conspicuously  increased 
in  the  wall  rocks.  It  is  thought  that  the  solutions  were  pneuma- 
tolytic  after-effects  of  the  andesite  intrusion. 
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(3)  Erosion,  developing  mountains  with  andesite  cores,  encircled 
by  belts  of  sediments  at  uniform  elevations  on  the  slopes,  except 
where  displaced  by  faults,  or  where  cut  back  by  differential  erosion* 
The  areas  between  the  moimtains  were  left  with  low  relief.  The  ores 
were  exposed  and  partly  eroded,  calcite,  apatite  and  perhaps  otlier 
gangue  materials  were  leached  and  redeposited  below.  There  was 
more  or  less  oxidation  and  hydration  of  the  ores  along  fissures  beneatii 
the  siu^ace. 

(4)  Extrusion  of  the  Tertiary  lavas  over  the  entire  area,  fumiahing 
hot  magmatic  waters  and  heat  to  meteoric  waters,  and  thereby 
developing  coarsely  crystalline  magnetite  and  hematite  in  the  ore 
deposits  and  especially  at  the  surface,  leaching  the  gangue  materials 
so  far  as  they  were  left  by  weathering  near  the  surface,  and  depositing 
in  the  cavities  chalcedony  and  to  a  slight  extent  magnetite,  hematite, 
limoriite,  siderite,  chlorite,  barite,  calcite,  galena,  and  the  copper 
carbonates. 

(5)  Erosion,  reexhuming  the  andesite  moimtains  from  imder  the 
lavas  and  bringing  to  light  the  sediments  and  ores  on  the  slopes;  this 
was  accompanied  by  local  surface  oxidation  and  hydration  of  the  ores 
and  leaching  of  the  gangue  materials,  chiefly  calcite,  but  also  apatite. 
Differential  erosion  caused  the  ore  in  some  cases  to  stand  above  the 
adjacent  rocks,  and  in  others,  where  the  hard  cap  was  cut  off,  brought 
the  softer  underlying  ores  well  down  to  the  level  of  adjacent  rocks. 

(6)  Preceding  and  accompanying  (5)  occurred  faulting  of  the  ore 
deposits,  developing  structural  relations  not  in  all  cases  to  be  distin- 
guished from  those  determined  by  faulting  before  deposition  of  the 
ores. 

BEARING  OF  THE  THEORY  OF  ORIGIN  UPON  FURTHER 

EXPLORATION. 

Exploration  has  not  yet  demonstrated  the  depth  of  the  ore  deposits. 
The  greatest  known  depth  is  at  the  Pinto  group  of  pits,  south  of 
Iron  Mountain,  where  130  feet  is  known  from  the  pits  and  topography. 
At  the  Desert  Mound  drilling  may  have  gone  deeper,  but  the  records 
are  not  available  to  the  writers. 

If  the  theory  of  the  writers  as  to  the  origin  of  the  ore  is  correct, 
there  are  certain  fairly  well-based  inferences  to  be  drawn  as  to  depth 
and  shape  of  the  ore  deposits. 

If  the  ore-bearing  fissures  in  the  andesite  are  true  stretch  fissures 
determined  by  the  crystallization  of  the  lavas,  it  may  be  inferred  that 
they  will  show  the  same  features  with  depth  as  at  the  surface;  that  is, 
curving,  pinching  out,  branching  and  occurrence  in  parallel  sets. 
There  seems  to  be  no  reason  why  these  vein  deposits  should  not  go 
to  a  very  considerable  depth,  this  being  determined  by  the  depth  to 
which  fissuring  had  occurred  at  the  time  of  the  extrusion  of  the 
ore-bearing  solutions. 
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The  ores  at  and  near  the  andesite  contact  are  determined  in  their 
shape  and  distribution  partly  by  replacement  of  limestone,  partly 
by  peripheral  tension  fissures  and  other  joints  and  faults,  partly  by 
faults  later  than  the  ore  deposition,  and  finally  by  erosion.  A  calcu- 
lation of  the  radial  shrinkage  of  the  andesite  mass  in  cooling  makes 
it  between  200  and  500  feet,  depending  on  the  thickness  assigned  to  it. 
A  part  of  this  shrinkage  is  probably  accounted  for  in  the  stretch 
fissures  and  faults  in  the  andesite.  A  part  of  it  has  with  equal 
probability  furnished  space  for  ore  deposition  at  the  periphery. 
At  the  sides  of  the  andesite  these  spaces  would  remain  open  during 
and  following  their  development,  whereas  on  the  slopes  and  on  top 
gravity  would  tend  to  close  them  as  fast  as  developed.  The  deposits 
therefore  should  have  their  maximum  width  where  the  contacts  are 
vertical  or  nearly  so  and  should  thin  out  where  the  slopes  become 
flatter.  The  conception  of  the  authors  as  to  the  relations  of  the  fis- 
sur&  to  the  andesite  before  erosion  took  place  is  illustrated  in  fig.  8. 
This  figure  does  not  take  account  of  modifications  of  shape  of  the  ore 
bodies  due  to  replacement  of  the  limestone  or  due  to  fissures  normal 
to  the  andesite  periphery,  which  are  believed  to  be  subordinate. 
Erosion  has  now  cut  down  sufficiently  far  on  the  eastern  and  south- 
eastern sides  of  the  several  laccoliths  to  expose  vertical  or  nearly  ver- 
tical contacts.  On  the  southwestern  side  of  the  Granite  Mountain 
and  Iron  Mountain  laccoliths  the  erosion  plane  has  exposed  a  very 
gently  dipping  contact  plane  between  andesite  and  limestone.  The 
wide  extent  of  the  deposits  at  these  places,  expecially  at  the  south- 
western side  of  Iron  Mountain,  is  largely  due  to  the  fact  that  the 
erosion  plane  is  so  nearly  parallel  to  the  plane  of  contact.  It  does  not 
indicate  that  the  deposits  are  necessarily  wider  when  measured  in  a 
direction  normal  to  the  contact  than  they  are  elsewhere  in  the  dis- 
trict; indeed,  if  fig.  9  represents  approximately  the  shape  of  the 
openings  which  determined  the  ore  deposition,  the  deposits  here  may 
well  have  been  thinner  than  elsewhere.  Under  these  conditions  ver- 
tical faulting  has  greater  effect  on  the  surface  distribution. 

It  follows  from  the  above  considerations  that  the  maximum  depth  of 
the  ore  deposits  near  the  contacts  may  not  be  greater  than  the  depth 
to  which  the  andesite-limestone  contact  extends,  and  this  is  deter- 
mined by  the  thickness  of  the  andesite  laccolith  and  whether  it  breaks 
across  the  limestone  layers  or  has  tilted  them  up  in  such  a  manner  that 
the  contact  is  approximately  parallel  to  the  bedding.  In  view  of  the 
fact  that  the  limestone  is  tilted  steeply  where  erosion  has  exposed  the 
sides  of  the  laccolith,  it  may  be  assumed  that  the  limestone  may  be  in 
contact  with  the  andesite  as  far  down  as  the  laccolith  goes.  Therefore 
the  thickness  of  the  laccolith  becomes  the  determining  factor.  Ero- 
sion has  allowed  no  direct  means  of  measuring  this  thickness  in  this 
district,  for  the  bottom  is  nowhere  exposed.     A  comparison  of  the  hor- 
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izontal  dimensions  of  these  laccoliths  with  those  described  by  Gilbert 
at  the  Henry  Mountains,  where  the  vertical  depth  also  is  known,  leads 
to  the  conclusion  that  the  depth  of  the  *'  bell "  of  the  Iron  Mountain  lac- 
colith (the  one  with  outlines  best  determined)  may  not  exceed  2,500 
feet.  The  other  laccoliths  are  so  covered  with  desert  deposits  that 
their  horizontal  dimensions  are  not  known,  and  hence  even  this  means 
of  determining  their  depth  is  not  available.  Such  comparison  affords 
a  very  uncertain  means  of  determining  the  depth  of  laccoliths  in  view 
of  the  fact  that  their  shape  and  size  depend  so  much  on  the  nature 
and  structure  of  the  rocks  intruded,  as  well  as  on  the  relative  densities 
of  the  intrusive  and  intruded  rocks.     (See  pp.  47-48.) 

For  the  deposits  resting  on  gently-dipping  slopes,  such  as  those 
southwest  of  Iron  Mountain,  the  maximum  depth  is  likely  to  be  found 
in  the  direction  of  dip.  Vertically  they  rest  directly  upon  andesite  or 
upon  the  contact  phase  of  the  limestone,  except  where  they  are  above 
ore-filled  fissures  in  the  andesite,  in  which  case  the  deposit  is  likely 
to  narrow  considerably  in  a  vertical  direction  when  it  reaches  the 
fissures. 

It  will  be  noted  that  on  the  western  side  of  Iron  Mountain  the  Cre- 
taceous quartzite  comes  directly  into  contact  with  the  andesite  at  an 
elevation  considerably  higher  than  the  limestone-andesite  contact  on 
the  southern  and  eastern  sides  of  the  laccolith  where  the  ore  is  exposed 
Ores  are  found  cementing  brecciated  quartzite,  but  do  not  constitute 
important  deposits.  The  lack  of  important  ore  deposits  along  this 
contact  may  be  explained  by  the  fact  that  replacement  is  not  possible 
in  the  quartzite  and  that  any  fissure  veins  developed  at  the  contact 
through  the  contraction  of  the  andesite  would  be  immediately  closed 
by  gravity,  for  the  quartzite  rests  against  the  andesite  with  a  dip  of  35®. 
There  is  nothing  in  the  supposed  origin  of  the  ores  to  preclude  the  pos 
sibility  that  ore  deposits  may  be  found  beneath  the  quartzite  along 
the  limestone-andesite  contacts,  especially  farther  down  on  the  steeper 
slopes  of  the  andesite.  If  deposits  are  there,  it  may  be  pointed  out 
that  their  size  has  not  been  diminished  by  erosion. 

The  uniform  association  of  ore  with  andesite  laccoliths  in  this  local- 
ity, as  well  as  in  the  district  extending  southwest  to  the  Bull  Valley 
and  beyond,  outlines  the  first  rule  of  exploration — that  the  andesite 
laccoliths  be  found  and  their  boundaries  determined.  The  effect  of 
the  laccoliths  upon  topography  is  so  marked  that  this  may  be  done  at 
a  distance  of  many  miles.  (See  p.  16.)  From  high  points  in  the  Iron 
Springs  district  it  is  easy  to  determine  the  southwestwanl  extension  of 
the  laccolithic  area,  and  therefore  of  the  possible  ore-bearing  area. 

The  laccolith  determined,  its  contact  with  the  adjacent  sediments 
should  be  carefully  followed. 

The  location  of  iron-ore  deposits  usually  makes  itself  evident  on 
the  weathered  siurface,  but  not  infrequently  the  mass  of  debris  which 
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has  shifted  down  the  slopes  makes  it  impossible  to  determine  the  true 
outline  of  the  deposit  without  sinking  pits.  Where  iron-ore  frag- 
ments are  found  in  the  wash  at  the  surface  it  may  be  assumed  that 
they  came  from  farther  up  the  slope.  Following  the  wash  up  the 
slope,  a  point  will  be  reached  where  no  iron  fragments  are  to  be  seen, 
usually  indicating  that  the  upper  edge  of  the  deposit  has  been  passed ; 
but  it  has  been  found  in  a  few  localities  that  the  overwash  from  the 
upper  slopes  has  been  so  thick  and  heavy  that  it  completely  obscures 
the  upper  side  of  the  ore  deposits,  and  the  first  iron-ore  fragments 
appear  some  feet  or  yards  farther  down  the  slope.  The  presence  of  a 
few  fragments,  or  even  of  a  single  fragment,  of  iron  ore  in  the  wash  is 
often  sufficient  to  indicate  the  existence  of  an  ore  deposit  several 
hundred  yards  away,  which  may  be  found  by  following  up  the  wash 
and  carefully  watching  its  change  in  iron  content. 

Where  the  laccolith  and  sedimentary  rocks  are  found  in  direct  con- 
tact it  does  not  necessarily  follow  that  ore  will  not  be  found  deeper 
down  along  the  contact.  Replacements  are  usually  irregular,  and  the 
source  of  the  solutions  is  not  from  above.  So  far  as  the  ores  are  fill- 
ings of  fissures  developed  around  the  periphery  of  the  andesite  by  its 
crystallization,  it  is  easily  conceivable  that  these  openings  would  be 
irregular,  both  horizontally  and  vertically,-  and  that  where  the  dip  of 
the  laccolith  contact  is  low,  gravity  might  close  them  altogether,  so 
that  the  appearance  or  nonappearance  of  ore  on  the  erosion  surface 
would  ]be  determined  merely  by  the  extent  to  which  the  erosion  sur- 
face had  cut  down. 

In  underground  exploration  the  fact  should  not  be  lost  sight  of 
that  the  deposit  may  show  the  same  range  of  irregularity  with  depth 
that  it  does  on  the  erosion  surface ;  in  other  words,  that  all  the  factors 
known  to  have  determined  the  peculiarities  and  shapes  of  deposits 
on  the  erosion  surface,  which  are  discussed  in  this  paper,  should  be 
taken  account  of  in  the  underground  exploration. 


CHAPTER  VIII. 

COMPARISON  OF  IRON  SPRINGS  IRON  ORES  WITH  OTHER 

IRON  ORES. 

BUIX  YAJjJJEY  DISTRICT. 

The  Bull  Valley  district  lies  about  25  miles  to  the  southwest  of  the 
Iron  Springs  district,  extending  from  Garden  Springs  on  the  north- 
east southwestward  to  Bull  Mountain  and  40  or  50  miles  beyond. 
(See  fig.  11.)     The  district,  which  has  only  recently  been  explored 
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Fio.  11.— Sketch  map  of  Bull  Valley  district,  Utah. 

and  staked,  is  much  more  difficult  of  access  than  the  Iron  Springs 
district  and  is  consequently  less  well  known.  It  may  be  reached 
from  the  Iron  Springs  district  by  team  l)y  way  of  Pinto,  Ilamblin,  and 
Enterprise,  or  on  horseback  by  way  of  Pinto,  Hamblin,  Mountain 
90 
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Meadows.  Valley,  Magotsu  Creek,  and  Moody  Run.  The  nearest 
railway  station  is  Modena,  28  miles  distant  by  way  of  Enterprise. 
The  area  is  covered  by  the  St.  George  topographic  sheet  of  the 
Powell  Survey  (1891),  but  the  map  is  so  imperfect  and  generalized 
that  it  is  of  little  use. 

The  principal  ore  deposits  lie  several  miles  below  the  headwaters  of 
Moody  Run,  which  empties  into  Magotsu  Creek  10  miles  below  the 
Mountain  Meadows.  From  this  point  they  extend  eastward  about  3 
miles  to  Garden  Springs,  located  a  short  distance  west  of  the  Moim- 
tain  Meadows  monument,  the  site  of  the  famous  Mountain  Meadows 
massacre.  To  the  southwest,  deposits  occur  on  BuU  Mountain  2  or  3 
miles  distant  and  on  Cove  Moimtain  an  equal  distance  beyond. 

The  essential  geological  features  of  the  district  are  the  same  as  those 
in  the  Iron  Springs  district — a  series  of  laccoliths  with  sediments 
dipping  quaquaversally  away  from  them,  siurounded  and  overlain 
by  flat-lying  lavas,  the  whole  being  bounded  on  north  and  west  by 
later  flows  of  basalt.  The  contour  of  the  district  is  rougher  than  that 
of  the  Iron  Springs  district  and  the  evidences  of  volcanism  are  more 
conspicuous  on  account  of  the  presence  of  basalt  flows  and  cinder 
cones.  The  general  aspect  is  barren  and  forbidding.  The  same 
topographic  and  geologic  conditions  are  said  to  extend  for  about 
40  miles  to  the  southwest  into  Nevada,  and  ores  are  reported  from 
this  area. 

The  ore  deposits  were  examined  in  their  discontinuous  occiurence 
between  the  headwaters  of  Moody  Rim  on  the  west  and  Garden 
Springs  on  the  east,  and  were  foimd  to  be  similar  in  almost  every 
feature  to  those  of  the  Iron  Springs  district.  The  principal  deposits 
he  within  the  andesite  associated  with  limestone  fault  blocks,  and 
subordinate  ones  follow  the  main  contact  of  andesite  and  limestone, 
which  crosses  Moody  Rim  in  a  northeast-southwest  direction,  dipping 
to  the  southeast.  Flat-lying  flows  fringe  the  ore-bearing  areas.  On 
the  south  are  acidic  flows  and  tuffs,  on  the  north  acidic  flows  and 
tuffs  and  basalts.  A  white  band  near  the  base  of  the  acidic  lavas 
is  very  conspicuous  and  for  most  of  the  district  is  sufficiently  near 
the  limestone^andesite  contacts  to  make  it  useful  to  explorers  as  a 
guide  in  locating  the  ores. 

The  greatest  width  of  ore  observed  at  the  surface  was  115  feet. 
However,  it  was  not  sufficiently  well  exposed  to  make  it  certain  that 
this  115  feet  was  continuous  ore.  This  particular  deposit  has  a 
length  of  approximately  700  feet. 

The  iron  is  both  magnetite  and  hematite,  as  in  the  Iron  Springs 
district,  but  the  hematite  on  the  lower  slopes  takes  on  a  fine  granular 
texture  and  a  steel-blue  color  which  is  not  seen  in  the  Iron  Springs 
district. 
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The  composition  of  the  ore  at  the  surface,  as  sampled  by  Larch 
Brothers,  is  as  follows: 

Composition  of  the  BiUl  Valley  district  ores. 
[Analyst,  Fred  Lerch.  Biwabik.  Minn.] 


Iron. 


AoTomUO  feet,  PUot  No.  9. 
Acro8B«0  feet,  PUot  No.  8. 
Across «> feet,  PUot  No.  7. . 

PUot  No.  12 

Across  40  feet,  PUot  No.  7 . . 


5B.98 


e2.06 
60.40 
64.13 


^1 


.073 
.434 


There  has  been  a  small  amoimt  of  pitting,  trenching,  and  tunneling, 
but  these  amount  only  to  scratches  in  the  upper  parts  of  the  deposits. 

DEPOSITS  OF  SIMIIiAR  ORIGIN  IN  OTHER  DISTRICTS. 

Ores  similar  to  those  of  the  Iron  Springs  district,  consisting  prin- 
cipally of  magnetite  in  veins  (not  magmatic  segregations  in  situ),  in 
igneous  rocks  or  near  tj^e  contact  of  igneous  rocks  and  Umestone  or 
in  both  combinations,  are  known  at  many  localities  in  western  North 
America,  as  follows: 

In  Mexico,  where  nearly  all  the  iron  ores  are  of  this  character, 
their  distribution  and  occurrence  being  summarized  by  Hill  **  and  by 
Aguilera.^    The  Durango  deposit  is  described  in  a  number  of  papers. 

In  several  localities  in  San  Bernardino  County,  Cal.,*'  and  in  the 
Redding  quadrangle  of  northern  California.*' 

In  Lyon  County,  Nev.,  and  in  several  other  localities  in  the  Great 
Basin.* 

In  Stevens  County,  northeastern  Washington,^  Texada  and  Van- 
couver islands,  British  Columbia,^  and  Kamloops,  British  Columbia.^ 

At  Fierro  ^  and  Chupadera  Mesa,  New  Mexico.^ 

In  the  Taylor  Peak,  White  Pine,  and  CeboUa  districts  in  Pitkin 
and  Gunnison  counties,  Colo.* 

At  Iron  Mountain,  Missouri.-' 

This  Jist  of  localities  is  far  from  complete  and  no  attempt  is  made 
to  cite  all  the  publications  concerning  the  districts  named.     It  is  the 

a  Hill,  R.  T.,  The  occurrence  of  hematite  and  niartite  iron  ores  in  Mexico:  Am.  Jour.  ScK,  voL  45. 
1893,  p.  112. 

f>  Ag^lera,  Jos6  G.,  The  geographical  and  geological  distribution  of  the  mineral  depoBite  of  Mexico: 
Trans.  Am.  Inst.  Min.  Eng.,  vol.  32,  1902,  pp.  503-505. 

c  Leith,  C.  K.,  Iron  ores  of  the  western  United  States  and  British  Columbia:  Bull.  U.  S.  Geol.  Survey 
No.  285,  1906,  pp.  194-200. 

d  Diller  J.  S.,  Iron  ores  of  the  Redding  quadrangle,  California:  Bull.  U.  S.  Geol.  Survey  No.  213, 
1903,  pp.  219-220. 

«  Manuscript  notes  fiunlshed  authors. 

/  Leith,  C.  K.,  op.  cit.,  pp.  195-196.  Report  on  the. iron  ores  of  the  coast  of  British  Columbia,  by 
the  Provincial  Mineralogist:  Dept.  of  Mines,  Victoria,  B.  C,  1903,  30  pp. 

0  Manuscript  iurnished  the  authors  by  R.  W.  Hills. 

*  Keyes,  Charles  R.,  Iron  deposits  of  the  Chupadera  Mesa:  Eng.  and  Min.  Jour.,  vol.  78,  1904,  p.  $32. 

'  Manuscript  notes,  summers  of  1905  and  1906,  Van  Hise,  Leith,  Harder,  and  Ward. 

J  Naton.  Frank  L.,  A  report  on  the  iron  ores  of  Missouri:  Missouri  Geol.  Survey,  vol. 2, 1892,  pp.  l-d6& 
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purpose  simply  to  emphasize  the  widespread  distribution  of  deposits 
of  these  types  and  to  cite  some  of  the  descriptions. 

From  the  fact  that  the  ores  of  these  districts  have  certain  essential 
fefttufes  in  common,  it  does  not  necessarily  follow  that  the  origin  of 
the  ores  has  been  the  same  for  all.  Certainly  there  has  not  been 
enough  detailed  work  on  the  ores  of  many  of  the  localities  named 
to  wfurant  final  conclusions  as  to  their  origin.  Nevertheless,  the 
similarities  in  these  deposits  are  such  as  to  suggest  similarity  of  origin 
as  a  guiding  hypothesis  for  study,  and  such  results  as  have  been 
obtained  to  the  present  time  tend  strongly  to  support  this  hypothesis 
rather  than  to  break  it  down. 

Several  deposits  which  have  been  examined  personally  by  the 
writers  or  associates  are  unhesitatingly  assigned  an  origin  similar  to 
that  here  presented  for  the  Iron  Springs  district  of  Utah.  These 
include  the  Taylor  Peak  and  White  Pine  ores  of  Colorado,  studied  by 
Van  Hise  and  Leith  and  mapped  in  detail  by  Harder  and  Ward;  the 
Cebolla  district  of  Colorado,  examined  by  Van  Hise  and  Leith;  the 
Bull  Valley  district  of  Utah,  examined  by  Leith  and  Harder;  and 
certain  of  the  deposits  in  northeastern  Washington,  Texada  and  Van- 
couver islands,  the  Kamloops  district,  British  Columbia,  and  San 
Bernardino  County,  California,  examined  in  reconnaissance  by 
Leith.  All  of  these  ores,  in  hand  specimen  and  sUde,  show  intimate 
association  with  anhydrous  silicates  and  have  structiwal  relations  to 
wall  rock  essentially  similar  to  those  of  the  Iron  Springs  district, 
though  diflFering  from  these  in  structural  and  lithologic  details. 

Among  the  men  who  have  given  particular  attention  to  the  eco- 
nomic geology  of  the  west  emphasis  has  been  imiformly  placed  on 
the  genetic  association  of  ores  and  igneous  rocks  along  contacts,  but 
there  has  been  lack  of  agreement  as  to  the  real  significance  of  the 
association — as  to  whether  the  igneous  rocks  have  contributed  both 
solutions  and  ores,  or  only  hot  water  which  has  leached  the  ores 
from  the  adjacent  rocks,  or  only  heat  which  has  enabled  meteoric 
waters  to  leach  ores  from  the  adjacent  rocks  and  redeposit  them; 
whether  the  solutions  have  been  liquid  or  gaseous;  what  their  direc- 
tion of  movement  has  been,  etc.  In  recent  years  there  has  been  a 
rapidly  growing  tendency  to  emphasize  the  importance  of  liquid  and 
gaseous  solutions  coming  directly  from  the  igneous  rocks  and  bring- 
ing the  ores  with  them.  In  discussions  of  genetic  classifications  of 
ores  by  Lindgren,*  Weed,*"  Spurr,*"  and  others,  ore  deposits  developed 
along  igneous  contacts  by  ^^pneumatolytic  after-action''  find  con- 

•  Lindgren,  Waldemar,  The  character  and  genesis  of  certain  contact  deposits:  Trans.  Am.  Inst.  Min. 
EDg.,  vol.  31,  1902,  pp.  226-244. 

*  Weed,  W.  H.,  Ore  deposits  near  Igneous  contacts:  Trans.  Am.  Inst.  Min.  Eng.,  vol.  33,  1903,  pp. 
715-746. 

«  Spurr,  J.  E.,  A  consideration  of  igneous  rocks  and  their  segregation  or  differentiation  as  related  to 
the  oocwrenoe  of  ores:  Trans.  Am.  Inst.  Min.  Eng.,  vol.  33, 1903,  pp.  288-340. 
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spicuous  place.  Iron-ore  deposits  have  been  included  in  this  class 
largely  because  of  the  classic  work  of  Vogt  on  the  Christiania  deposits. 
Individual  deposits  of  western  contact  iron  ores  have  not  been  spe- 
cifically referred  to  thisx^lass  because  they  have  not  been  sufficiently 
known.  The  pneumatolytic  origin  of  the  Iron  Springs  ores  now 
seems  to  be  sufficiently  well  based  and  their  similarity  to  other 
western  contact  iron  ores  sufficiently  close  to  make  it  possible  to 
assign  a  pneumatolytic  origin  to  this  general  class  of  ores  with  some 
confidence. 

The  direct  development  of  magnetite  in  pegmatitic  veins  is  de- 
scribed by  Spurr  in  the  Georgetown  quadrangle  of  Colorado.  The 
case  is  conclusive,  for  magnetite  crystals  of  considerable  size  are 
found  in  the  interior  of  unaltered  pegmatite  veins. 

Spencer*  reached  the  conclusion  that  certain  of  the  New  Jersey 
magnetites  are  essentially  pegmatitic  in  their  origin.  In  addition  to 
the  Christiana  deposits,  Vogt''  cites  other  European  deposits*'  which 
he  regards  as  of  the  same  origin.  Beck**  does  the  same.  Of  interest 
also  in  this  connection  is  the  recent  work  of  Stutzer*  on  the  ores, 
which  he  regards  as  dikes,  of  the  Kirimavaara  and  Luossavaara  dis- 
tricts in  northern  Sweden,  and  the  still  more  recent  work  of  Sjo- 
gren^ on  the  Scandinavian  iron  ores. 

The  prevalence  of  an  iron  cap  or  gossan  above  sulphide  deposits 
in  fissure  veins  or  along  the  contact  of  igneous  rocks  and  limestones 
is  responsible  for  a  widespread  view  that  western  iron  ores  of  this 
occurrence  will  be  found  to  grade  down  into  sulphides;  that  the  ores 
are  the  oxidized  portions  of  sulphide  veins  w:hich  may  have  originated 
in  the  manner  here  outlined  for  the  Iron  Springs  district;  that  the 
ores  therefore  have  an  ultimate  igneous  source  to  the  same  extent 
as  the  sulphide  deposits,  whatever  this  may  be.  Reasons  are  given 
on  another  page  for  the  belief  that  the  Iron  Springs  magnetite  was 
deposited  directly  from  hot  solutions  and  not  as  an  alteration  prod- 
uct of  sulphide,  but  that  simultaneously  there  were  deposited  small 
and  variable  amounts  of  pyrite.  So  far  as  the  writers  know,  there  is 
no  evidence  of  increase  in  sulphur  content  in  depth  in  any  of  the  ores 
of  tliis  class  in  the  locaHties  cited,  beyond  perhaps  the  first  few  inches 
or  few  feet,  from  which  the  sulphide,  originally  deposited  with  the 

a  Spencer,  A.  C,  Genesis  of  the  magnetite  deposits  in  Sussex  county,  N.  J.:  Min.  Mag.,  vol.  10, 1904, 
pp.  377-381. 

b  Vogt,  J.  H.  L.,  Problems  in  the  geology  of  ore  deposits:  Trans.  Am.  Inst.  Min.  Eng.,  vol.  31, 1902, 
pp.  125-169. 

e  Northern  Sweden,  Kristlania  district,  southern  Hungary,  Island  of  Elba  and  Dieletti,  France. 

d  Beck,  Richard,  The  nature  of  ore  deposits,  translated  by  W.  H.  Weed,  2  vols..  New  York,  1905, 
685  pp. 

e  Stutzer,  O.,  Die  Eisenerzlagerstfttte  Gellivare  in  Nordschweden:  Zeitschr.fur  prakt.  G«ol.,bd.  14, 
No.  5,  May,  1906,  pp.  137-140;  Die  Eisenerzlagerstatten  bei  Kiruna:  Zeitschr. prakt.  Geol.,  bd.  14,  No.  3, 
March.  1906,  pp.  65-71. 

/Sjogren,  Hjalmar,  The  geological  relations  of  the  Scandinavian  iron  ores:  Trans.  Am.  Inst.  Kin. 
Eng.,  vol.38, 1908,  pp. 877-946. 
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ore,  has  been  leached  by  weathering.  It  must  be  remembered, 
however,  that  no  one  of  these  deposits  has  been  opened  up  sufficiently 
to  demonstrate  their  character  in  depth. 

The  theory  that  iron  ores  at  the  contacts  of  igneous  rocks  and  lime- 
stone have  developed  entirely  by  the  action  of  fneteoric  waters  from 
above,  leaching  ores  from  the  adjacent  rocks,  has  not  been  without ' 
supporters.  This  is  the  view  held  by  Hill  for  the  Durango  deposit. 
The  senior  author  presented  this  theory  as  possibly  applicable  to  the 
Iron  Springs  deposits  of  Utah  in  an  earlier  publication.  It  would  be 
entirely  premature  to  exclude  this  hypothesis  for  all  iron  *ores  in 
fissure  veins  in  igneous  rocks  or  along  their  contacts  with  limestone, 
especially  where  these  ores  are  largely  limonite  and  apparently  lack 
heavy  anhydrous  minerals,  as  in  some  of  the  deposits  of  northeastern 
Washington.  It  is  usually  where  the  ores  are  hard  crystalline  magnet- 
ites and  hematites,  intimately  associated  with  the  anhydrous  sili- 
cates and  adjacent  to  or  within  igneous  rocks,  that  there  is  reason- 
able probability  that  the  origin  of  the  ores  may  be  ascribed  to  the  hot 
solutions  coming  from  the  igneous  rocks. 

STRUCTlTRAIi    DISSIMIIjARITIES    OF    THE    IRON    SPRINGS 
DEPOSITS  TO  OTHER  CIiASSES  OF  IRON-ORE  DEPOSITS. 

The  structural  features  in  which  the  iron-ore  deposits  of  the  Iron 
Springs  district  differ  from  ores  of  sedimentary  origin,  like  the  Lake 
Superior  and  Clinton  ores,  are  obvious  to  all  familiar  with  the  great 
classes  of  iron-ore  deposits,  but  for  those  who  are  not  so  familiar  an 
elementary  comparison  may  be  of  interest. 

The  Clinton  hematites  of  Alabama  and  elsewhere  are  bedded 
deposits  with  all  the  stratigraphic  and  structural  characteristics  of 
sedimentary  rocks.  Given  a  bed,  it  may  be  expected  to  extend  in 
strike  and  dip,  thicken  and  thin,  with  about  the  same  degree  of  uni- 
formity as  may  be  observed  in  other  sedimentary  layers,  such  as 
limestone  or  shale  adjacent.  Its  structiu'e  also,  as  shown  by  strike 
and  dip,  is  governed  by  the  same  laws  as  other  deformed  beds.  It  is 
thus  frequently  possible  to  determine  with  some  certainty  extensions 
of  deposits  for  many  thousands  of  feet.  The  Iron  Springs  deposits 
can  not  be  followed  or  extensions  calculated  with  any  such  certainty. 

The  Lake  Superior  iron-ore  deposits  are  more  or  less  irregular  con- 
centrations in  a  sedimentary  ''iron  formation."  The  iron  ores  make 
up  a  very  small  per  cent — less  than  2— of  the  mass  of  the  iron  for- 
mation. The  iron  formation  originally  consisted  of  iron  carbonate  or 
iron  silicate,  and  was  altered  to  iron  ore,  ferruginous  chert,  or  jaspilite, 
but  retained  its  bedding.  The  structure  and  stratigraphy  of  the  iron 
formation  may  be  worked  out  as  fully  as  for  limestone  or  quartzite. 
Exploration  is  limited  to  the  iron  formation,  and  the  presence  of  an 
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iron  formation  is  regarded  as  a  prerequisite  for  exploration  for  iron  ore. 
The  Iron  Springs  deposits  lack  an  associated  sedimentary  iron  forma- 
tion to  serve  as  a  guide  for  exploration,  though  there  are  locally  pre- 
sent lean  phases  of  ores  for  which  the  term  '*iron  formation/'  without 
genetic  significance,  might  be  appropriate.  The  deposits  themselves 
in  the  Lake  Superior  region  rest  in  structural  basins  which  determine 
for  each  district  certain  uniformities  and  peculiarities  of  shape  foF  the 
ore  deposits  for  that  district.  For  the  Lake  Superior  region  as  a 
whole  the  variety  of  shapes  of  ore  deposits  is  probably  greater  than" that 
in  the  Iron  Springs  district,  but  the  Iron  Springs  deposits  probably 
have  a  shape  and  size  which  can  be  less  safely  predicted  in  advance  of 
exploration  than  can  those  of  the  deposits  of  any  one  of  the  Lake 
Superior  districts.  They  have,  however,  one  considerable  advantage 
in  that  they  are  largely  exposed  on  the  erosion  siu^ace,  whereas  the 
Lake  Superior  deposits  are  in  great  part  covered  by  glacial  drift. 
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THE  PURCHASE  OF  COAL  UNDER  GOVERNMENT  AND 

COMMERCIAL  SPECIFICATIONS  ON  THE  BASIS 

OF  ITS  HEATING  VALUE. 


By  D.  T.  Randall. 


rNTKODXJCTION. 

The  people  of  this  country  have  been  purchasing  coal  for  years 
on  the  statement  of  the  selling  agent  as  to  its  quality,  or  on  the  repu- 
tation of  the  mine  or  district  from  which  it  was  obtained.  The 
farmers  of  the  country  show  more  business  judgment  in  the  purchase 
of  fertilizer  than  do  many  manufacturers  in  buying  coal,  for  the 
farmer  demands  a  chemical  analysis  of  the  fertilizer  before  he  ac- 
cepts it. 

Until  recently  there  has  oeen  but  little  reliable  information  regard- 
ing the  character  of  the  coal  supply  of  the  United  States.  This  fact 
was  recognized  in  the  establishment  of  the  fuel -testing  plant  of  the 
United  States  Geological  Survey  at  St.  Louis  in  1904.  Extended 
general  investigations  have  been  conducted  at  this  plant  and  its  suc- 
cessors and  in  the  field,  and  in  addition  the  technologic  branch  of 
the  Survey  has  been  charged  with  the  duty  of  analyzing  and  testing 
the  coals  used  by  the  Government. 

The  Government  is  a  large  purchaser  of  coal,  reports  from  the  vari- 
ous Departments  indicating  that  nearly  $6,300,000  is  expended  each 
year  for  fuel.  Some  time  ago  the  necessity  for  a  more  uniform 
standard  in  the  purchase  of  coal  became  apparent  and  the  plan  of 
buying  it  on  the  basis  of  its  heating  value  was  introduced  in  a  few 
Departments.  Many  of  the  large  commercial  consumers  in  the  United 
States  have  been  purchasing  their  coal  on  contracts  of  this  nature  for 
some  time. 

The  present  paper  summarizes  the  information  on  this  subject  ob- 
tained by  the  Survey,  including  examples  of  specifications  that  are 
DOW  in  use  and  analyses  of  some  of  the  coal  purchased  by  the  Govern- 
ment during  the  winter  of  1900-7. 


6  THE  PUBCHASE   OF   COAL  UNDEB  SPECIFICATIONS. 

ADVANTAGES  OF  DBFENITE  SPECIFICATIONS  IN  THE 
PUBCHASE  OF  COAIi. 

Under  the  old  plan  of  purchasing  coal,  when  the  consumer  had 
cause  or  thought  he  had  cause  to  find  fault  with  the  quality  of  the 
fuel  he  received,  he  was  in  many  cases  assured  that  it  must  be  good 
because,  like  all  the  other  coal  sent  him,  it  came  from  a  mine  with  an 
established  reputation.  Such  a  state  of  affairs  made  it  diflScult  to 
take  advantage  of  the  competition  which  usually  results  when  a  con- 
siderable number  of  bidders  are  asked  to  submit  prices.  The  pur- 
chaser was  afraid  to  buy  from  any  but  such  dealers  as  he  knew  and 
trusted,  because,  although  each  dealer  claimed  that  his  coal  was  equal 
in  quality  to  that  of  the. others,  yet  if  it  did  not  prove  to  be  satisfac- 
tory there  was  no  standard  for  settlement  or  for  cancellation  of  the 
contract.  Many  thousands  of  dollars'  worth  of  coal  are  bought  each 
year  in  this  manner,  but  the  purchasers  would  consider  it  ridiculous 
if  they  were  asked  to  contract  for  a  building  with  no  specifications 
and  simply  on  the  agreement  that  it  should  be  of  a  certain  size  and 
well  constructed.  Neither  would  they  buy  gold,  silver,  or  even  cop- 
per and  iron  ores  on  the  mere  information  that  they  were  mined  at 
certain  localities.  All  products  of  mines  are  now  purchased  to  a 
great  extent  on  the  basis  of  their  value  as  shown  by  chemical  analysis. 
This  is  true  of  coal  in  only  a  small  degree,  but  the  number  of  con- 
tracts made  on  this  basis  is  increasing  every  year. 

The  purchase  of  coal  on  a  specification  is  as  advantageous  as  a 
definite  understanding  regarding  the  quality  and  other  features  of 
any  other  product,  or  of  a  building  operation  or  engineering  project. 
The  man  who  buys  under  a  specification  gets  what  he  pays  for  and 
pays  for  what  he  gets. 

When  the  bidder  is  allowed  to  specify  the  quality  of  the  coal  he 
proposes  to  furnish  as  determined  by  a  chemical  analysis,  he  is  placed 
on  a  strictly  competitive  basis  with  other  bidders.  Such  a  procedure 
broadens  the  field  for  both  the  bidder  and  the  ])urchaser.  It  makes 
the  bidder's  proposal,  when  accepted,  a  contract  that  specifies  an 
established  standard  of  quality.  This  furnishes  a  basis  for  settling 
disputes  regarding  the  quality  of  the  coal  delivered  and  the  price  to 
be  paid  if  the  fuel  is  either  better  or  poorer  than  has  been  guaran- 
teed. If  other  coal  must  be  substituted,  as  often  hapi:)ens,  there  is  a 
standard  for  settlement.  If  the  coal  is  uniformly  poorer  than  the 
standard  as  specified  there  is  a  basis  for  cancellation  of  the  contract. 

The  quality  of  coal  from  a  given  mine  may  vary  from  time  to  time 
through  the  failure  of  the  miners  to  reject  impurities.  Sometimes 
different  beds  of  coal  are  mined  at  the  same  time  and  the  output  is 
mixed.    When  there  is  need  of  further  prei)aration,  such  as  picking 
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slate  and  other  impurities,  or  jigging  or  washing,  a  great  deal  de- 
pends on  the  care  used  in  these  processes.  The  mining  companies  are 
responsible  in  a  large  measure  for  variations  in  the  grade  of  pre- 
pared coal.  The  purchase  of  coal  under  a  contract  on  the  basis  of 
quality  stimulates  the  operator  to  make  a  better  preparation  of  the 
coal  before  it  is  shipped  to  market.  An  example  of  fluctuations  in 
quality  is  furnished  by  the  tables  on  pages  24-26,  which  show  varia- 
tions in  the  ash  and  British  thermal  units  in  coal  delivered  to  some 
of  the  Government  Departments  at  Washington. 

It  evidently  will  not  be  satisfactory  to  either  the  buyer  or  the  seller 
to  establish  a  standard  for  the  coal  unless  this  liability  to  variation 
is  recognized  and  provision  made  for  settlement  when  the  coal  is  bet- 
ter or  poorer  than  the  standard.  Experience  with  any  method  of 
buying  coal  shows  that  it  will  seldom  be  rejected  when  of  poor  qual- 
ity, because  of  the  difficulty,  delay,  and  cost  of  removing  it  from  the 
bins.  The  buyer  is  often  confronted  with  the  alternative  of  burn- 
ing the  coal  delivered  or  going  without  fuel  until  more  can  be  pro- 
cured. Unless  the  coal  is  very  bad  it  is  usually  expedient  to  use  it 
and  pay  a  smaller  price.  This  is  also  more  favorable  to  the  contrac- 
tor, as  to  remove  the  coal  would  be  costly  and  it  would  not  be  satis- 
factory as  fuel  to  any  other  customer. 

VAIiUE  OF  COAIi  AS  A  FITKIi. 

The  purpose  of  burning  coal  under  boilers  is  to  abstract  the  heat 
for  use  in  developing  power,  in  drying  various  materials,  or  in 
warming  buildings.  The  most  valuable  coal,  therefore,  is  that  which 
gives  up  the  most  heat  to  the  boiler  for  a  given  weight  burned. 

Coal  is  now  burned  for  power  purposes  in  gas  producers  and  boiler 
furnaces.  For  coals  and  lignites  high  in  moisture  or  high  in  ash,  the 
gas  producer,  used  in  connection  with  a  gas  engine,  is  best  adapted 
to  develop  power.  But  for  the  generation  of  steam,  which  can  be 
used  for  heating  as  well  as  for  power  purposes,  a  more  convenient 
method  is  to  burn  the  coal  in  a  specially  constructed  furnace  under 
a  boiler. 

The  aim  in  the  purchase  of  coal  for  any  power  plant  should  be 
to  obtain  a  fuel  which  will  produce  a  horsepower  for  the  least  cost, 
all  things  being  considered,  such  as  the  equipment,  the  price  of  coal, 
and  the  cost  of  labor  and  repairs.  Experiments  have  been  made 
which  seem  to  indicate  that  almost  any  fuel  may  be  burned  with 
reasonable  efficiency  in  a  properly  designed  apparatus.  The  recog- 
nized requirements  are  as  follows : 

A  supply  of  fuel  fed  to  the  furnace  as  uniformly  and  continuously 
as  possible. 
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An  air  supply  slightly  in  excess  of  the  theoretical  amount  required 
for  complete  combustion. 

A  sufficiently  high  temperature  to  ignite  the  gases  which  are  driven 
off  from  the  fuel. 

A  complete  mixture  of  these  gases  with  the  air  supplied  before 
they  reach  a  cooling  surface,  such  as  the  shell  or  tubes  of  a  boiler. 

Some  of  the  factors  which  may  influence  the  commercial  results 
obtained  in  a  boiler  are  the  cost  of  the  coal,  as  determined  by  price 
and  heating  value;  care  in  firing;  design  of  the  furnace  and  boiler 
setting,  size  of  grate,  etc. ;  formation  of  excessive  amounts  of  clinker 
and  ash;  draft  available;  size  of  the  coal  (uniformity  of  size  is 
desirable). 

The  value  of  a  coal  is  indicated  by  the  number  of  heat  units  it 
contains.  This  heating  value  is  expressed  in  terms  of  British  thermal 
units  «  (abbreviated  B.  t.  u.)  per  pound  of  coal,  and  is  determined  by 
means  of  a  special  apparatus  called  a  calorimeter. 

When  coal  is  mined  it  contains  moisture  to  a  greater  or  less  extent 
It  is  exposed  to  the  air  in  shipment  and  may  either  dry  out  or  be 
drenched  by  rain.  The  moisture  in  the  coal  delivered  is  worthless  to 
the  purchaser,  and  really  costs  him  a  considerable  amount  in  freight 
and  cartage,  and  in  the  loss  of  the  heat'  absorbed  during  its  evapora- 
tion in  the  furnace.  If  all  coal  had  the  same  proportion  of  moisture, 
or  if  the  moisture  in  coal  delivered  by  a  given  dealer  was  constant  in 
amount,  the  purchaser's  problem,  so  far  as  this  factor  is  concerned, 
would  be  simplified.  Under  present  conditions  the  moisture  is  an 
important  element  in  the  valuation  of  a  ton  of  coal.  It  is  evidently 
necessary  to  consider  the  coal  just  as  it  is  received  in  order  to 
determine  its  value  to  the  consumer,  but  chemical  reports  should  be 
made  on  the  basis  of  both  the  ''  dry  coal  "  and  the  "  coal  as  received." 
The  dry-coal  basis  is  convenient  for  comparing  several  coals  in  regard 
to  the  relation  of  each  element  to  the  others;  this  is  important  because 
the  moisture  in  the  same  coal  varies  from  day  to  day.  The  dry-coal 
basis  is  also  convenient  for  comparing  the  j^erformance  of  boilers 
when  burning  the  same  or  similar  coals.  Of  several  coals  having  a 
similar  composition,  the  one  which  has  the  least  moisture  and  the 
least  ash  will  generate  the  most  steam  when  burned  under  a  boiler. 

Ash  is  made  up  of  earthy  matter  and  other  impurities  which  will 
not  burn.  In  commercial  coals  its  proportion  may  range  from  4  to 
25  per  cent.  Coals  containing  small  percentages  of  ash  are  most 
valuable,  not  only  because  of  their  correspondingly  higher  heating  ca- 
pacity, but  because  there  is  less  resistance  to  the  free  and  uniform 
distribution  of  air  through  the  bed  of  coal.  The  labor  and  cost  of 
managing  the  fires  and  of  handling  the  ashes  are  also  correspondingly 

<*  The  British  thermal  unit  is  the  amount  of  heat  required  to  raise  the  temperature  of 
1  pound  of  water  1°  Fahrenheit. 
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less  and  are  items  to  be  considered  in  the  choice  of  a  coal.  With  the 
ordinary  furnace  equipment  there  may  be  a  considerable  loss  of  effi- 
ciency and  capacity  through  a  large  percentage  of  ash.  It  has  been 
found  that  with  some  kinds  of  equipment,  as  the  ash  increases  there  is 
a  decided  drop  in  both  efficiency  and  capacity.  In  some  experiments 
made  to  determine  the  influence  of  excessive  amounts  of  ash,  coal 
containing  as  high  as  40  per  cent  would  generate  no  steam  when  fired 
on  a  chain  grate,  and  therefore  the  efficiency  and  capacity  of  the  plant 
would  be  zero.*»  Such  coal  would  not  only  be  worthless,  but  involve 
a  direct  expense,  due  to  the  cost  of  handling  it.  Whether  the  result 
would  be  similar  with  equipment  other  than  a  chain  grate  has  not 
yet  been  determined.  However,  coals  so  high  in  ash  that  they  are 
unsuited  to  boiler  furnaces  can  be  utilized  in  gas  producers. 

The  volatile  part  of  coal  as  shown  by  the  analysis  may  in  some 
coals  be  all  combustible,  but  it  generally  contains  some  inert  matter. 
This  varies  in  diflFerent  coal  deposits  and  makes  it  impossible  to  deter- 
mine the  heating  value  of  the  coal  from  the  proximate  analysis  alone. 
Moreover,  not  all  coals  having  the  same  proportion  of  volatile  matter 
behave  alike  in  the  furnace.  It  is  important  to  know  both  the  chem- 
ical composition  and  the  British  thermal  units  in  order  to  determine 
the  value  of  one  coal  as  compared  with  another  for  the  same  purpose. 

Of  two  coals  of  different  character,  the  one  which  contains  the 
higher  proportion  of  fixed  carbon  is  most  easily  burned  so  as  to 
give  the  maximum  efficiency.  However,  if  the  coal  containing  the 
higher  volatile  matter  is  properly  burned  in  a  suitably  designed 
furnace,  it  may  be  made  equally  efficient. 

Sulphur  may  be  present  in  the  free  state,  or,  as  is  more  commonly  the 
case,  in  combination  with  iron  or  other  elements.  Other  impurities 
with  sulphur  often  form  a  clinker  which  shuts  out  the  air  and  in- 
creases the  labor  of  handling  the  furnaces.  It  is  possible,  however, 
to  burn  coals  containing  up  to  5  per  cent  of  sulphur  without  partic- 
ular difficulty  from  clinkers.  A  little  steam  introduced  under  the 
grate  will  relieve  much  of  the  trouble.  Clinker  may  be  due  to  other 
causes  than  sulphur,  as  any  constituents  of  the  ash  which  are  easily 
fusible  may  produce  it.  There  is  need  of  further  investigation  to 
determine  the  influence  of  sulphur  and  the  elements  which  com- 
prise the  ash  on  furnace  fires  and  combustion. 

The  size  of  the  coal  influences  the  capacity  of  any  given  equip- 
ment, owing  to  its  effect  on  the  draft.  With  a  poor  draft  fine  coal 
can  not  be  burned  in  sufficient  quantities  to  maintain  the  rated  capac- 
ity. If  thin  fires  are  resorted  to,  the  efficiency  is  usually  lowered  as  a 
result  of  an  excessive  supply  of  air  through  holes  in  the  fire.    As  a 

•Abbott,   W.    L.,    Some   oliaraoterlstlcs   of   coal    as   affecting   performance    with   steam 
boilers,  a  paper  read  before  the  Western  Society  of  Engineers,  Chicago,  lU. 

24673— Bull.  339—08 2 
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rule,  when  dust  and  very  fine  coal  are  fed  into  the  furnace  they 
either  check  the  flow  of  air  or  are  taken  up  by  the  draft  and  after 
being  only  partly  burned  are  deposited  back  of  the  bridge  wall  or 
pass  up  the  stack,  to  the  annoyance  of  the  people  in  the  vicinity  of 
the  plant.  If  this  dust  is  completely  burned  in  passing  through  the 
furnace  there  is  of  course  no  loss  of  fuel.  It  has  been  found  that  coal 
of  a  uniform  size  is  most  satisfactory,  as  it  does  not  pack  so  closely 
as  a  mixture  of  sizes. 

In  general  it  may  be  said  that  in  any  market  the  coal  obtainable  at 
the  lowest  price  is  the  most  economical,  provided  the  furnace  equip- 
ment is  suitable.  If  the  furnace  is  not  so  designed  as  to  permit  the  use 
or  the  cheaper  coal,  it  should  be  changed. 

The  results  of  tests  tend  to  show  that,  other  conditions  being  equal, 
coals  of  similar  composition  are  of  value  in  proportion  to  the  British 
thermal  units  in  the  coal  as  received — a  basis  on  which,  indeed,  all 
coals  may  be  valued  approximately.  It  should  be  remembered,  how- 
ever, that  the  value  of  a  coal  for  any  particular  plant  is  influenced  by 
the  fact  that  all  furnaces  are  not  equally  suitable  for  burning  the  many 
grades  of  coal.  Aside  from  this  factor,  coals  may  be  compared  in 
terms  of  the  British  thermal  units  obtained  for  1  cent,  or  on  the  cost 
per  million  heat  units. 

In  the  purchase  of  coal,  then,  attention  should  be  given  to  the 
character  of  the  furnace  equipment  and  the  load;  the  character 
of  coal  best  suited  to  the  plant  conditions;  the  number  of  heat  imits 
obtainable  for  a  unit  price;  the  cost  of  handling  the  coal  and  ash; 
and  the  possibility  of  burning  the  coal  without  smoke  or  other  objec- 
tionable features. 

SPBCTFICATIOX8   IN  U8K. 

As  the  result  of  a  letter  from  I^resideiit  Roosevelt  to  the  national 
advisory  board  cm  fuels  and  structural  materials,  calling  attention  to 
the  need  of  a  unifonn  and  efficient  basis  for  the  purchase  of  the  Gov- 
ernment fuel  supply,  the  following  specification  was  drafted  by  engi- 
neers in  the  employ  of  the  (Tovernnient  and  a])i)r()ved  by  this  board  in 
March,  1907 : 

Specifications  and  Proposals  fob  Supplying  Coal. 

UnlttHl  Stat(w 


,  ino__ 

PROPOSAL. 

Sealed  proiwsals  will  be  received  at  this  ottice  until  12  o'clock  p.  m., , 

300__,  for  supplying  coal  to  the  T'nltetl  States building 

at .  as  follows: 
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The  quantity  of  coal  stated  above  is  based  upon  the  previous  annual  con- 
sumption, and  proposals  must  be  made  upon  the  basis  of  a  delivery  of  10  per 
cent  more  or  less  than  this  amount,  subject  to  the  actual  requirements  of  the 
service. 

Proposals  must  be  made  on  this  form,  and  include  all  expenses  incident  to 
the  delivery  and  stowage  of  the  coal,  which  must  be  delivered  in  such  quantities 
and  at  such  times  within  the  fiscal  year  ending  June  30,  190—,  as  may  be 
required. 

Proposals  must  be  accompanied  by  a  deposit  (certified  check,  when  practi- 
cable, in  favor  of )  amounting  to  10  per  cent  of  the  aggre- 
gate amount  of  the  bid  submitted,  as  a  guaranty  that  it  is  bona  fide.  Deposits 
will  be  returned  to  unsuccessful  bidders  immediately  after  award  has  been 
made,  but  the  deposit  of  the  successful  bidder  will  be  retained  until  after  the 
coal  shall  have  been  delivered  and  final  settlement  made  therefor,  as  security 
for  the  faithful  performance  of  the  terms  of  the  contract,  with  the  understand- 
ing that  the  whole  or  a  part  thereof  may  be  used  to  liquidate  the  value  of  any 
deficiencies  in  quality  or  delivery  that  may  arise  under  the  terms  of  the  con- 
tract 

When  the  amount  of  the  contract  exceeds  $10,000,  a  bond  may  be  executed  in 
the  sum  of  25  per  cent  of  the  contract  amount,  and  in  this  case  the  deposit  or 
certified  check  submitted  with  the  proposal  will  be  returned  after  approval  of 
the  bond. 

The  bids  will  be  opened  in  the  presence  of  the  bidders,  their  representatives, 
or  such  of  them  as  may  attend,  at  the  time  and  place  above  specified. 

In  determining  the  award  of  the  contract,  consideration  will  be  given  to  the 
quality  of  the  coal  offered  by  the  bidder,  as  well  as  the  price  per  ton,  and 
should  it  appear  to  be  to  the  best  interests  of  the  Government  to  award  the 
contract  for  supplying  coal  at  a  price  higher  than  that  named  In  lower  bid  or 
bids  received,  the  award  will  be  so  made. 

The  right  to  reject  any  or  all  bids  and  to  waive  defects  Is  expressly  reserved 
by  the  Government. 

DESCRIPTION   OF  COAL   DESIRED." 

Bids  are  desired  on  coal  describe<l  as  follows: 


Coals  containing  more  than  the  following  i>ercentages,  based  upon  dry  coal, 
will  not  be  considered : 

Ash per  cent. 

Volatile  matter per  cent. 

Sulphur per  cent. 

Dust  and  fine  coal  as  delivered  at  point  of  consump- 
tion ^    per  cent. 

DELIVERY. 

The  coal  shall  be  delivered  in  such  quantities  and  at  such  times  as  the  Govern- 
ment may  direct. 

•This  information  will  be  given  by  the  Government  as  may  be  determined  by  boiler 
and  furnace  equipment,  operating  conditions,  and  the  local  market. 
•All  coal  which  will  pass  through  a  1-inch  round-hole  screen. 
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In  this  connection  it  may  be  stated  that  all  the  available  storage  capacity  of 
the  coal  bnnkers  will  be  placed  at  the  disi)osal  of  the  contractor  to  facilitate 
delivery  of  coal  under  favorable  conditions. 

After  verbal  or  written  notice  has  been  given  to  deliver  coal  under  this  con- 
tract, a  further  notice  may  be  served  in  writing  upon  the  contractor  to  make 
delivery  of  the  coal  so  ordered  within  twenty-four  hours  after  receipt  of  said 
second  notice. 

Should  the  contractor,  for  any  reason,  fail  to  comply  with  the  second  request, 
the  Governmont  will  be  at  lil>orty  to  buy  coal  in  the  oi»en  market,  and  to  ehar^ 
against  the  contractor  any  excess  in  price  of  coal  so  purchased  over  the  contract 
price. 

SAMPLING. 

Samples  of  the  coal  delivered  will  he  taken  by  a  representative  of  the  Govern- 
ment. 

In  all  cases  where  it  is  practicable,  the  coal  will  be  sampled  at  the  time  it  iA 
being  delivered  to  the  building.  In  case  of  small  deliveries,  it  may  be  necessary 
to  take  these  samples  from  the  yards  or  bins.  The  sample  taken  will  in  no  case 
be  less  than  the  total  of  100  pounds,  to  be  selected  proportionally  from  the 
lumi>s  and  fine  coal,  in  order  that  it  will  in  every  respect  truly  represent  the 
quantity  of  coal  under  consideration. 

In  order  to  mhiimize  the  loss  in  the  original  moisture  content  the  gross  sam- 
ple will  be  pulverized  as  rapidly  as  possible  until  none  of  the  fi'agments  exceed 
one-half  inch  in  diameter.  The  fine  coal  will  then  be  mixed  thoroughly  and 
divided  Into  four  equal  parts.  Opposite  quarters  will  be  thrown  out,  and  the 
remaining  portions  thoroughly  mixed  and  again  quartered,  throwing  out  op- 
posite quarters  as  before.  This  process  will  be  continued  as  rapidly  as  possible 
until  the  final  sample  is  reduced  to  such  amount  that  all  of  the  final  sample 
thus  obtained  will  be  contained  In  the  shipping  can  or  jar  and  sealed  air-tight 

The  sjimple  will  then  be  forwarded  to 

If  desired  by  the  coal  contractor,  i^ernilsslon  will  be  given  to  him,  or  his  rep- 
resentative, to  be  present  and  witness  the  quartering  and  preparation  of  the 
final  sample  to  be  forwarded  to  the  (Jovernment  laboratories. 

Immediately  on  receipt  of  the  siinu)le.  It  will  be  nnnlyzetl  and  tested  by  the 
Goveniment,  following  the  method  adoptetl  by  the  American  Chemical  Society, 
and  using  a  bomb  calorim(»ter.  A  copy  of  the  result  will  be  mall^  to  the  con- 
tractor ui)on  the  completion  thereof. 

CAUSrS  FOR  BE.JECTION. 

A  contract  enteied  into  under  the  terms  of  this  si)eclfication  shall  not  he 
binding  if,  as  the  result  of  a  practical  service  test  of  reasonable  duration,  the 
coal  falls  to  give  satisfactory  results  owlug  to  excessive  cllnkering  or  to  a  pro- 
hibitive amount  of  smoke. 

It  Is  understood  that  the  coal  delivered  during  the  year  will  be  of  the  same 
character  as  that  specllieil  by  the  contractor.  It  should,  therefore,  be  supplied, 
as  nearly  as  ])ossil>le,  from  the  Siune  mine  or  group  of  mines. 

Coal  containing  jiercentages  of  volatile  matter,  sulphur,  and  dust  higher  than 
the  limits  Indlcateil  on  jiage  1!  and  coal  containing  a  percentage  of  ash  in  excess 
of  the  maximum  limits  Indicated  In  the  following  table  will  be  subject  to  rejec- 
tion. 

In  the  case  of  coal  which  has  been  delivered  and  used  for  trial,  or  which  has 
been  consumetl  or  remains  on  the  i)remlses  at  the  time  of  the  determination  of 
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its  quality,  payment  will  be  made  therefor  at  a  reduced  price,  computed  under 
the  terms  of  this  specification. 

Occasional  deliveries  containing  ash  up  to  the  percentage  indicated  in  the 
column  of  "  Maximum  limits  for  ash,"  on  page  4,  may  be  accepted.  Frequent 
or  continued  failure  to  maintain  the  standard  established  by  the  contractor, 
however,  will  be  considered  sufllcient  cause  for  cancellation  of  the  contract. 

PBICE    AND    PAYMENT.'- 

Payment  will  be  made  on  the  basis  of  the  price  nanieil  in  the  proposal  for 
the  coal  specified  therein,  corrected  for  variations  in  heating  value  and  ash, 
as  shown  by  analysis,  above  and  below  the  standard  established  by  contractor 
in  tliis  proposal.  For  example,  if  the  coal  contains  2  i>er  cent,  more  or  less, 
British  thermal  units  than  the  established  standard,  the  price  will  be  increased 
or  decreased  2  per  cent  accordingly. 

The  price  will  also  be  further  corrected  for  the  i)ercentages  of  ash.  For  all 
coal  which  by  analysis  contains  less  ash  than  that  established  In  this  proposal 
a  premium  of  1  cent  i>er  ton  for  each  whole  per  cent  loss  ash  will  be  paid. 
An  increase  in  the  ash  content  of  2  i)er  cent  over  the  standard  established  by 
contractor  wUl  be  tolerated  without  exacting  a  i)enalty  for  the  excess  of  ash. 
When  such  excess  exceeds  2  per  cent  above  the  standard  established,  deduc- 
tions will  be  made  from  price  paid  i)er  ton  in  accordance  with  following  table : 


No  de- 
duction 
lor  lim- 
its be- 
low. 

Cents  per  ton  to  be  deducted. 

Maxi- 

Aah as  established  In 
proposal  (per  cent). 

2 

4 
Pel 

7 

12             18      i      25 

1                1 

35 

mum 

limits 

for 

•centages  of  asb  in  dry  coal. 

ash. 

5 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

7-  8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
20-21 

8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
10-17 
17-18 
18-19 
19-20 
20-21 
21-22 

9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16^17 
17-18 
18-19 

10-11       11-12 

12.13 
13-14 
14-15 
15-16 
10-17 
17-18 
18-19 
1^20 

13-14 
14-15 
13-16 
10-17 
17-18 

12 

OL 

11-12 
12-13 

12-13 
13-14 

18 
14 

8- 

10 

13-14 
14-15 
15-16 

14-15 
15-16 
lfr-17 

14 
15 
16 

11              

16-17 

17-18 

16 

12 

17-18       18-19 

17 

ia_  _ _ 

18-19 
19-20 
20-21 

19-20 

18 

14_ 

20-21       21-22 

19 

i5u 

19-20 
20-21 
21-22 
22-23 

•n-22 

19 

16      - _ 

21-22  1     22-23 

' 



20 

18- 

22-23 

21 

- 

Proposals  to  receive  consideration  must  be  submitted  upon  this  form  and 
contain  all  of  the  information  refpiested. 


.  190.. 

The  undersigned  hereby  agree  to  furnish  to  the  U.  S 

building  at ,  the  coal  described,  in  tons  of  2,240  pounds 

•  The  eeonomfe  value  of  n  fuel  is  afTeotcKl  by  the  actual  amount  of  combustible  matter  it  con- 
talDS,  ns  determined  by  its  heating  vnhie  shown  In  British  thermal  units  per  pound  of  fuel,  and 
also  by  other  factors,  among  which  is  its  ash  content.  Ttie  ash  content  not  only  lowers  the 
beating  value  and  decreases  the  capacity  of  the  furnace,  but  also  materially  increases  the  cost  of 
hiiHHng  the  eoal,  the  labor  of  firing,  and  the  cost  of  the  removal  of  ashes,  etc. 
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each  and  in  quantity  10  per  cent  more  or  less  than  that  stated  on  page  1,  as 
may  be  required  during  the  fiscal  year  ending  June  30,  190—,  in  strict  accord- 
ance with  this  specification :  the  coal  to  be  delivered  in  such  quantities  and  at 
such  times  as  the  Government  may  direct. 


Item  No.... 

Item  No.._- 

Item  No 

Deneription. 
Commercial  name 

• 

Name  of  mine __ '. 





__.. . 

Location  of  mine _ 

Name  of  coal  bed 

Size  of  coal  (if  coal  is  Bcreened) : 
Goal  to  pass  through  oi>eningH. 


Coal  to  pass  over  openings 

Data  to  establish  a  baMs  for  payment. 

Per  cent  of  ash  in  dry  coal  (method  of 

American  (Chemical  Society) . 
Britiph  thermal  units  in  coal  as  delivered. 
Prlce  i>er  ton  (2,240  i>ounds)- _— 


.inches  I  round, 
[-square. 
-inch<«Jbar. 


.-inches]  round. 
Vsquare. 
...inches  J  bar. 


.inches]  romid. 
>squaie. 
...inchesjbar. 


It  is  important  that  the  above  information  docs  not  establish  a  higher  standard  this 
can  l)e  actually  maintained  under  the  terms  of  the  contract :  and  in  this  connection  it 
should  be  noted  that  the  small  samples  taken  from  the  mine  are  invariably  of  higher 
quality  than  the  coal  actually  delivered  therefrom.  It  is  evident,  therefore,  that  It  will 
be  to  the  best  interests  of  the  contractor  to  furnish  a  correct  description  with  average 
values  of  the  coal  offered,  as  a  failure  to  maintain  the  standard  established  by  contractor 
will  result  in  deductions  from  the  contract  price,  and  may  cause  a  cancellation  of  the  oon- 
tract,  while  deliveries  of  a  coal  of  higher  grade  than  quoted  will  be  paid  for  at  an  in- 
creased price. 

Signature 

Address 

Name  of  corporation 

Name  of  president 

Name  of  secretary 

Under  what  law  (State)  corporation  Is  organized 


As  will  be  seen  from  the  foregoing  specification,  the  bidder  is  not 
required  to  submit  a  sample  of  his  coal,  but  is  ex|)ected  to  name  a 
standard  of  British  thermal  units  in  the  coal  as  it  is  to  be  delivered. 
This  value  is  made  the  basis  for  purchase,  because  a  correction  is  thus 
made  for  the  amount  of  moisture  in  the  coal.  It  should  be  noted  that 
this  value  will  in  all  cases  be  lower  than  the  British  thermal  units  in 
the  dry  coal,  which  is  usually  given  in  connection  with  the  coal  anal- 
ysis. The  percentage  of  ash  is  also  six?cified,  as  it  is  a  factor  in  the 
successful  burning  of  the  coal  on  the  grate  and  as  it  involves  an  ex- 
pense for  removal  from  the  premises. 

If  the  dealer  is  not  fairly  familiar  with  the  value  of  his  coal,  it 
may  then  be  arranged  to  have  him  submit  a  properly  selected  sample 
wnth  his  bid,  this  sample  to  be  analyzed  by  the  (Tovernment  and  the 
results  used  as  a  standard  in  the  contract.  It  is  preferred,  however, 
that  the  bidder  use  his  own  values. 

The  following  circular  letter  was  issued  by  the  Treasury  Depart- 
ment in  connection  with  the  Government  specification,  for  the  infor- 
mation of  dealers  desiring  to  bid  on  coals  for  public  buildings,  such 
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as  mints,  custom-houses,  and  post-offices  located  in  all  parts  of  the 
United  States : 

Treasury  Department,  Office  of  the  Secretary, 

Washington,  March  27,  J907. 

Sir:  The  accomimnying  specifications  for  coal  are  intended  to  give  a  clear 
description  of  the  coal  desired  by  the  Government,  and  to  secure  a  definite  state- 
ment of  the  quality  of  coal  offered  by  the  bidder,  with  a  view  to  using  such 
statement  a&  a  basis  for  payment  in  connection  with  the  stated  price  per  ton. 
The  plan  is  not  new  in  its  essential  features,  as  it  is  an  extension  of  a  system 
already  in  force  in  the  larger  United  States  public  buildings,  and  is  similar  to 
that  emploj'ed  by  a  number  of  private  consumers. 

What  is  desired  is  not  necessarily  the  cheapest  or  the  highest  grade  of  coal 
per  se,  but  the  coal  which  will  insure  the  greatest  net  economy  in  plant  opera- 
tion. In  view  of  these  facts  the  description  of  the  coal  inserted  by  the  Govern- 
ment on  page  2  of  the  accompanying  specifications  will  receive  careful  consid- 
eration as  the  boiler  and  furnace  conditions  require.  It  is  not  expected  that  all 
deliveries  will  be  absolutely  uniform  or  agree  exactly  with  the  standard  estab- 
lished by  the  contractor,  but  it  is  necessary  that  all  deliveries  shall  be  within 
the  limits  set  by  the  Government. 

The  limits  are  wide  enough  to  i>ermit  the  use  of  the  output  of  any  mine  or 
group  of  mines  provided  proi>er  care  is  exercised  In  mining  and  picking  out 
slate,  bone,  etc.  With  these  points  in  mind  it  is  only  necessary  for  the  bidder  to 
select  coal  for  each  proposal  which  will  meet  the  description  given  and  i)ermit 
deliveries  within  the  limits  set.  -The  standard  established  by  the  contractor 
should  be  such  as  to  require  the  least  correction  applying  to  deliveries  for 
variation  In  heat  units  and  ash  from  values  established. 

It  Is  believed  that  the  enforcement  of  the  provisions  of  the  specifications  will 
operate  equitably  both  with  respect  to  the  Government  and  to  the  contractor, 
and  will  guarantee  adequate  protection  to  each.  Many  coal  dealers  have  already 
signified  their  willingness  to  furnish  coal  on  this  basis,  and  have  commended  as 
well  as  Indorsed  the  method. 

The  application  of  this  system  will  not  only  enable  the  award  of  a  contract  to 
be  made  in  an  equitable  manner,  but  will  also  remove  many  of  the  usual  causes 
for  dispute  as  to  the  character  and  quality  of  the  coal  subsequently  delivered, 
and  provide  a  satisfactory  basis  for  the  correction  of  payments  for  differences 
In  quality  in  favor  of  the  party  in  whose  interest  it  is  due. 

The  system  of  sampling,  analyzing,  and  testing  coal  delivered  under  the 
Government  contracts  will  be  under  the  supervision  of  the  fuel-testing  division 
of  the  Geological  Survey,  in  order  to  insure  reliability  and  impartiality. 

The  heating  value  expressed  in  British  thermal  units  of  coal  containing 
approximately  the  same  percentage  of  ash  is  essentially  a  direct  measure  of  the 
actual  value  to  the  purchaser,  and  for  this  reason  the  specifications  provide  for 
an  adjustment  of  payment  in  direct  proportion  to  the  variation  in  heat  units 
in  the  coal  as  received.  As  the  coal  is  weighed  when  delivered  and  the  pay- 
ments are  based  also  upon  the  price  per  ton.  It  is  necessary  to  determine  the 
beating  value  of  the  coal  in  the  condition  In  which  it  is  received,  containing 
whatever  moisture  may  be  present  at  the  time. 

A  further  correction  in  payment  will  be  made  for  variation  of  the  ash  in  dry 
coal  in  order  to  take  account  of  the  cost  of  handling  additional  fuel  and  ash  and 
its  effect  on  the  capacity  of  the  boiler  and  furnace. 

Respectfully,  A.  F.  Statter, 

Assistant  Secretary, 
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On  account  of  lack  of  information  among  the  dealers  in  anthracite 
coal  as  to  the  heating  value  of  the  several  sizes  and  kinds  used  by  the 
Government,  a  number  of  contracts  were  let  on  the  basis  of  the  adi 
in  dry  coal.  For  the  city  of  Washington  these  were  worded  in  the 
same  way  as  the  regular  specification,  except  the  section  relating  to 
price  and  payment,  which  was  as  follows : 

PRICE   AND   PAYMENT. 

Payment  will  be  made  on  the  basis  of  the  price  named  in  the  proposal  for  the 
coal  specified,  corrected  for  variations  in  ash  as  shown  by  analysis,  above  and 
below  the  standard  established  l>y  the  contractor. 

For  an  increiiae  or  decrease  up  to  2  per  cent  in  the  ash  content  above  or  be- 
low the  standard  no  correction  will  b  >  made  in  the  price.  When  the  variation 
exceeds  this  allowance  above  or  below  the  standard,  corrections  will  be  made  in 
the  price  as  follows : 

For  furnace,  e^g,  stove,  and  chestnut  sizes  of  coal,  variations  from  the  stand- 
ard percentage  of  ash  exceeding  2  and  less  than  2.5  above  and  below  will  result 
in  the  deiiuction  or  addition  of  15  cents  per  ton.  For  each  additional  one-half  of 
1  per  cent,  or  fraction  thereof,  3  cents  more  i>er  ton  will  be  deducted  or  added. 

For  pea  coal,  variations  from  the  standard  i>ercentage  of  ash  exceeding  2  and 
less  than  2.5  above  and  below  will  result  in  the  deduction  or  addition  of  10 
cents  per  ton.  For  each  additional  one-half  of  1  per  cent,  or  fraction  thereof,  2} 
cents  more  per  ton  will  be  deducted  or  added. 

For  buckwheat  and  screenings,  variations  from  the  standard  percentage  of 
ash  exceeding  2  and  less  than  2.5  above  and  below  will  result  in  the  deductlOD 
or  addition  of  8  cents  per  ton.  For  each  additional  one-half  of  1  per  cent,  or 
fraction  thereof,  2  cents  more  i)er  ton  will  bo  dwlncted  or  added. 

The  following  specification  is  used  by  a  few  firms  in  Baltimore, 
Md.: 

Specifications  and  Information  concerning  Supply  of  Coal  for 

Caution. — Bidders  are  directed  to  familiarize  themselves  with  the  storage 
facilities  and  local  conditions,  affecting  the  deliveries  of  coal,  existing  at  the 
power  house. 

Method  of  determining  quantity  and  quality. — Weights  are  subject  to  check 
either  by  measurement  or  by  company  scales.  Any  deliciency  will  be  deducted 
from  and  any  excess  added  to  the  bill. 

Sampling  will  be  done  by  a  representative  of  the  company  and  contractor 
may  have  a  representative  present. 

Sample  will  be  taken  from  each  delivery  and  kept  in  hermetically  sealed  jars. 

Detail  of  speeifications. — Coal  will  be  semibituminous  and  run-of-mine.  It 
shall  be  dry,  well  picked,  and  free  from  excessive  amounts  of  slate,  pyrites,  and 
dirt  of  any  kind  and  shall  have  the  following  conipcjsition:  Moisture,  not  overl 
per  cent ;  volatile  carbon,  not  over  20  per  cent ;  ash,  not  over  7  per  cent ;  sulphur, 
not  over  1  i>er  cent. 

adjustments. 

Additions, — If  the  coal  has  less  than  1  per  (!ont  moisture,  the  deficit  per  cent 
less  than  1  per  cent  will  be  addwl  to  the  bill.  If  the  coal  has  less  than  20  per 
cent  volatile  carbon,  the  deticit  per  cent  less  than  20  per  cent  will  be  multi- 
plied by  2  and  added  to  the  bill.  If  the  coal  has  less  than  7  per  cent  ash,  the 
deficit  per  cent  less  than  7  per  cent  will  be  multiplied  by  3  and  added  to  the  bill 
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Deductions. — If  the  coal  contains  more  than  1  per  cent  moisture,  the  excess 
per  cent  above  1  per  cent  will  be  deducted  from  the  bill.  If  the  coal  contains 
more  than  20  per  cent  volatile  carbon,  the  excess  per  cent  above  20  per  cent 
will  be  multiplied  by  2  and  deducted  from  the  bill.  If  the  coal  contains  more 
than  7  per  cent  ash,  the  excess  per  cent  above  7  per  cent  will  be  multiplied  by  3 
and  deducted  from  the  bill. 

The  following  are  the  essential  features  of  the  contracts  on  which 
a  Chicago  company  is  said  to  purchase  and  inspect  nearly  1,000,000 
tons  of  coal  for  its  clients  in  Chicago,  Indianapolis,  Minneapolis,  St. 
Liouis,  and  other  cities : 

I.  The  company  agrees  to  furnish  and  deliver  to  the  consumer 

at  such  times  and  in  such  quantities  as  ordered  by  the  consumer  for 

€X)nsumption  at  sa'd  premises  during  the  term  hereof,  at  the  consumer's  option, 
either  or  all  of  the  kinds  of  coal  described  below;  said  coals  to  average  the 
following  assays : 


Kind  of  coaL. 


Of  size  passiDg  through  screen  having  circular  perfora- 

tfona  In  diameter.. 

Of  size  passing  over  a  screen  having  circular  perforations 

in  diameter  _._ _ _ 

Per  cent  of  moisture  In  coa^  as  delivered — 

Per  cent  of  ash  in  coal  as  delivered. 

British  thermal  units  per  poimd  of  dry  coal 

Prom  following  county _ 

Prom  following  State 


.  inches 
.  Inches 


.  inches 
.  inches 


inches 

inches 


Coal  of  the  above  respective  descriptions  and  sjieclfied  assays  (not  average 
assays)  to  be  hereinafter  known  as  the  contract  grade  of  the  respective  kinds. 

II.  The  consumer  agrees  to  purchase  from  the  company  all  the  coal  re- 
quired for  consumption  at  said  premises  during  the  term  of  said  contract, 
except  as  set  forth  in  Paragraph  III  below,  and  to  pay  the  company  for  each 
ton  of  2,000  pounds  avoirdupois  of  coal  delivered  and  accepted  in  accordance 
with  all  the  terms  of  this  contract  at  the  following  contract  rate  per  ton  for 
coal  of  each  respective  contract  grade,  at  which  rates  the  company  will  deliver 
the  following  respective  numbers  of  British  thermal  units  for  1  cent,  the  con- 
tract guaranty: 


Kind  of  coal. 

Contract 

rate  per 

ton. 

Contract  guaranty. 

— 

$ 

$ 

$ 

equal  to net  B.  t.  u.  for  1  cent. 

equal  to net  B.  t.  u.  fori  cent. 

equal  to _ net  B.  t.  u.  for  1  cent. 

Said  net  British  thermal  units  for  1  cent  being  in  each  case  determlueil  as 
follows:  Multli)ly  the  number  of  British  thermal  units  per  iwund  of  dry  coal 
by  the  per  cent  of  moisture  (expressed  In  decimals),  subtract  the  product  so 
found  from  the  number  of  British  thermal  units  per  i)ound  of  dry  coal,  mul- 
tiply the  remainder  by  2,000,  and  divide  this  product  by  the  contract  rate  per 
ton  (expressed  in  cents)  plus  one-half  of  the  ash  percentage  (expressed  as 
cents). 

III.  It  is  provided  that  the  consumer  may  purchase  for  consumption  at  said 
premises  coal  other  than  herein  contracted  for,  for  test  purposes,  it  being  un- 
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derstood  that  the  total  of  such  coal  so  purchased  shall  not  exceed  5  per  cent  of 
the  total  consumption  during  the  term  of  this  contract 

IV.  It  is  understoocl  that  the  comimny  may  deliver  coal  hereunder  containing 
as  high  as  3  per  cent  more  ash  and  as  high  as  3  per  cent  more  moisture  and  as 
low  as  500  fewer  British  thermal  units  per  pound  dry  than  specified  above  for 
contract  grades. 

y.  Should  any  coal  delivered  hereunder  contain  more  than  the  per  cent  of 
ash  or  moisture  or  fewer  than  the  number  of  British  thermal  units  per  poond 
dry  allowed  under  Paragraph  IV  hereof,  the  consumer  may,  at  its  option, 
either  accept  or  reject  same. 

VI.  All  coal  accepted  hereunder  shall  be  paid  for  monthly  at  a  price  par 
ton  determined  by  taking  the  average  of  the  delivered  values  obtained  from  tlie 
analyses  of  all  the  samples  taken  during  that  month,  said  delivered  value 
in  each  case  being  obtained  as  follows :  Multiply  the  number  of  British  ther 
nml  units  delivered  per  iK)und  of  dry  coal  by  the  [yev  cent  of  moisture  delivered 
(expressed  in  decimals),  subtract  the  product  so  found  from  the  number  of 
British  thermal  units  delivered  per  pound  of  dry  coal,  multiply  the  remainder 
by  2,000,  divide  this  product  by  the  contract  guaranty,  and  from  this  quotient 
(expressed  as  dollars  and  cents)  subtract  one-half  of  the  ash  percentage  de- 
livered (expressed  as  cents). 

In  Cleveland,  Ohio,  coal  is  purchased  for  the  waterworks  on  the 
basis  of  its  heating  value.  The  standard  agreed  upon  is  13,624  Brit- 
ish thermal  units  and  was  established  as  the  result  of  analysis  and 
tests  made  on  a  sample  furnished  by  the  dealer. 

The  following  are  the  essential  features  of  the  specifications  used 
by  the  Interborough  Rapid  Transit  Company  of  New  York  in  pur- 
chasing about  30,000  tons  of  coal  each  month  for  use  in  its  plants, 
which  are  among  the  largest  in  the  United  States: 

Pbeliminary    Specifications   for    Bituminous    Coal    for   the    Intebbobotjgh 
Rapid  Transit  Company. 

Coal  mnst  be  a  pood  stoani,  caking,  run-of-mlne,  bituminous  coal  free  from 
all  dirt  and  oxcesslve  dust,  a  dry  sample  of  which  will  approximate  the  com- 
pany's standard  in  heat  value  and  analysis,  as  follows:  Carbon,  71;  volatile 
matter,  20;  ash,  0;  British  thermal  units,  14,100;  sulphur,  1.50. 

A  small  quantity  of  coal  will  bo  taken  from  each  weighing  hopper  jnst  before 
the  hopper  is  dumped  while  the  lighter  is  being  unloadt»d.  These  quantities 
will  be  thrown  into  a  receptacle  providtnl  for  the  purix)se,  and  when  the  lighter 
is  empty  the  contents  of  the  receptacle  will  be  thoroughly  mixed,  and  a  sam- 
ple of  this  mixture  will  be  taken  for  chemical  analysis.  This  average  sample 
of  coal  will  be  labeled  and  held  for  one  week  after  the  unloading  of  the  lighter. 
The  siimple  taken  from  the  mixture  for  tost  will  be  analyzed  as  soon  as  possi- 
ble after  being  taken.    No  other  sjimple  will  be  recognized. 

Tests  of  sample  taken  from  average  sample  will  be  made  by  the  company's 
chemist  under  the  supervision  of  the  superintendent.  Should  the  contractor 
question  the  results  of  the  company's  test  (a  copy  of  which  will  be  mailed  to 
him),  the  company  will,  if  requested  by  the  contractor  within  three  days  after 
copy  of  test  has  been  mailed  to  him,  forward  sufficient  quantity  of  the  average 
sample  taken  from  each  weighing  hopper  to  any  laboratory  in  the  city  of  New 
York  which  may  be  agreed  upon  by  the  superintendent  and  the  contractor,  and 
have  said  sample  analyzed  by  It,  and  the  results  obtained  from  this  second  test 
will  be  considered  as  final  and  conclusive.    In  case  the  disputed  values,  as  ob- 
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tained  In  the  company's  test,  shall  be  found  by  the  second  test  to  be  2  per  cent 
or  less  In  error,  then  the  cost  of  said  second  test  shall  be  borne  by  the  con- 
tiactor;  but  if  the  disputed  values  shall  be  found  to  be  more  than  2  per  cent 
in  error,  then  the  cost  of  said  second  test  shall  be  borne  by  the  company. 

Should  there  be  no  question  raised  by  the  contractor  within  the  three  days 
qsecifled,  as  to  the  values  of  the  first  analysis,  the  average  sample  of  coal  will 
be  destroyed  at  the  end  of  seven  days  from  date  of  discharge  of  coal  from 
lighter.  Should  a  second  test  be  made  of  coal  tal^en  from  any  lighter  as  herein 
provided,  then  any  i>aialties  to  be  made  as  set  forth  in  paragraph  under 
** Penalties"  will  be  based  on  the  resultn  as  obtained  from  the  second  test. 

The  price  to  be  paid  by  the  comiiany  i»er  ton  iier  lighter  of  coal  will  be  based 
on  a  table  of  heat  values  for  excess  or  deficiency  of  its  standard,  but  subject 
to  deductions  as  glv^i  in  the  section  under  '*  Penalized  coal/*  including  excess 
of  ash,  volatile  matter,  sulphur,  or  dust,  or  less  than  the  minimum  amount  re- 
quired to  be  contained  in  any  lighter,  for  coal  which  shows  results  less  than 
the  company's  standard. 

Premiiuns  or  deductions  are  based  on  a  rate  of  1  cent  per  ton  for  a 
variation  of  50  British  thermal  units  per  pound  of  coal,  as  indicated 
in  a  table  a  few  items  of  which  are  given  below : 

Table  for  B,  t,  u,  values. 

For  coal  In  any  lighter  which  is  found  by  test  to  contain,  i^er  i)ound  of  dry 
coal,  from — 

15,501  and  above 28  cents  per  ton  above  standard. 

15,101  to  15,150,  both  inclusive 20  cents  per  ton  above  standard. 

14,001  to  14,650,  both  inclusive .10  cents  i>er  ton  above  staiidard. 

14,101  to  14,150,  both  Incluslvo Standard. 

13,601  to  13,650,  both  inclusixe .10  cents  i)er  ton  below  standard. 

13,101  to  13,150,  l)oth  inclusive 20  cents  per  ton  below  standard. 

12,101  to  12,150,  both  inclusive 40  cents  per  ton  l>elow  standard. 

No  lighter  of  coal  will  l)e  accepted  which,  by  trial,  in  the  judgment  of  the 
superintendent,  contains  an  excess! vti  amount  of  dry  coal  dust.  The  decision  of 
the  sui)erintendent  will  be  final  in  this  respect.  Coal  taken  from  such  lighter 
for  trial  will  be  subj<»ct  to  the  siKx-ial  deduction  set  forth  under  "  Penalized 
coal,"  but  paid  for  in  all  other  respects  as  herein  provided. 

Coal  w^hich  is  shown  l)y  analysis  to  contain  less  than  20  i)er  cent  of  volatile 
matter,  9  per  cent  of  ash,  or  1.50  per  cent  of  sulphur,  will  be  accepted  without 
a  deduction  from  the  bidder's  price,  plus  or  minus  an  amount  for  excess  of 
deficiency  of  British  thermal  unit  value,  as  herein  providotl.  Where  the 
analysis  gives  amounts  for  any  or  all  el(»nients  hi  excess  of  these  quantities, 
deductions  will  be  made  from  the  bidder's  price  in  accordance  with  the  tables 
of  values  of  volatile  mattcT,  ash,  and  suli)hur  l)elow  given,  plus  or  minus  the 
amount  for  excess  or  deficiency  of  the  standard  British  thermal  unit  value,  in 
addition  to  any  other  deductions  which  may  be  made  as  herein  provided. 

Table  of  deduetioHH  for  volatile  matter. 

For  coal  in  any  lighter  which  is  found  by  test  to  contain,  per  pound  of  dry 

coal — 

Over  20  per  cent  and  less  than  21  iH>r  cent 2  cents  per  ton. 

«-  *  *  *      '  *  *  «■ 

Over  22.5  per  cent  and  less  than  2.'{  jier  cent 12  cents  per  ton. 

«  »  *  *  *  *  * 

24  per  cent  and  over ^lSe«^\»\!fex\ft\jL, 
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.i.  .1  ..  n.  I..   ..II  .ii  I  III   I. ill  iif  I  iffitH  fur  ttu'h  1  {ler  cent  of  rolatile  matter. 

I II hit   nf  tlttlHrtiunH  fur  nnh. 

I I  III  iiin    iifliiii    ulilili  In  fniiiid  liy  t«*Kt  to  (imtaln,  fier  pound  of  dry 

■  .ii 

III.  I  It  (III  iihi  .mil  \v»  \\\i\\\  •.».ri  inT  iviit 2 cents Kier ton. 

«  «  •  «  *  * 

n,,,    II  »  ,s  I   »,ni  .nul  li*%>  th.-ni  11*  -. 12  cents  iier  t'HL 

«  «  «  *  •  • 

,     .     ,  .     > *.-.  23 cents ner ton. 

,  .V.  •    ..  *i*r»v.v  A  iwi«*-half  of  1  i»er  t-eut  and  at  the 

»  ,  %     .\»      ..'.  rjv.***  ::.  :iio  ash. 
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the  requirements  of  said  notices  from  the  company,  or  said  difference  may  be 
deducted  from  any  money  then  due  or  thereafter  to  become  due  to  the  con- 
tractor under  the  contract  to  be  entered  into. 

METHODS  OF  SAMPUNG  AND  TESTING. 

In  connection  with  the  Survey's  study  of  the  coal  deposits  of  the 
country  and  the  best  methods  to  prevent  waste  in  mining  and  utiliz- 
ing the  coal  supply,  trained  inspectors  have  visited  nearly  300  mines 
in  23  States,  taking  two  or  more  samples  from  each  mine.  A  study 
of  the  analyses  of  these  samples  and  of  samples  taken  from  cars 
shipped  from  175  of  the  same  mines  shows  that  the  mine  sample 
is  in  most  instances  better  than  the  average  of  the  coal  as  shipped  in 
cars.  On  the  average  the  coal  delivered  contains  about  one-third 
more  ash  than  the  mine  sample  taken  in  accordance  with  the  instruc- 
tions to  the  miners  regarding  the  rejection  of  slate  and  impurities. 
This  difference  is  due  to  the  failure  of  the  miners  to  follow  these 
instructions  in  getting  out  coal  for  shipment.  The  samples  collected 
by  the  Government  inspectors  from  the  mines  almost  invariably  show 
a  higher  moisture  content  than  is  usually  obtained  in  commercial  sam- 
pling, because  of  the  precaution  taken  to  have  the  sample  represent 
the  coal  in  the  mine.® 

Mine  samples  when  properly  taken  indicate  the  general  character 
of  the  coal  and  enable  one  to  judge  of  its  probable  value  for  any  def- 
inite purpose. 

Samples  taken  from  the  cars  should  not  be  limited  to  a  few  shovel- 
fuls of  coal  from  the  top  of  the  car,  because  the  heavier  pieces  gradu- 
ally work  down  toward  the  bottom.  Some  samples  taken  at  the 
bottom  of  a  car  have  shown  as  much  as  8  per  cent  more  ash  than 
the  coal  at  the  top.  The  moisture  also  may  vary  from  top  to  bot- 
tom, depending  on  the  weather.  The  only  way  to  get  a  fair  sample 
is  to  take  a  number  of  shovelfuls  of  coal  from  various  points  in  the 
car,  so  as  to  procure  a  representative  portion  of  the  coal  from  top  to 
bottom  and  from  end  to  end. 

Bituminous  coal  when  exposed  to  the  air  gradually  depreciates  in 
heating  value,  owing  to  losses  of  volatile  matter,  but  aside  from  this 
loss  there  should  be  the  same  total  nimiber  of  heat  units  in  a  car  of 
coal  when  it  reaches  its  destination  as  when  it  started.  If  rain  falls 
on  the  coal  it  will  become  heavier  and  a  greater  number  of  pounds 
will  be  delivered,  but  each  pound  will  have  a  correspondingly  lower 
heat  value.  On  the  other  hand,  if  the  weather  is  fair  and  the  coal 
dries  out  on  the  way,  it  will  weigh  less  and  the  heating  value  of 
each  pound  will  be  correspondingly  higher.  In  other  words,  under 
a  specification  such  as  is  used  by  the  Government,  neither  the  dealer 

•A  description  of  the  method  of  mine  sampling  is  given  in  Bull.  U.  S.  Geol.  Survey 
No.  290,  1906,  pp.  17-18.     See  also  Bull.  No.  316,  1907,  pp.  486-517. 
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This  table  is  made  for  a  difference  of  each  one-half  of  1  per  cent  and  the 
deductions  are  at  the  rate  of  4  cents  for  each  1  per  cent  of  volatile  matter. 

Table  of  deductions  for  ash. 

For  coal  in  any  lighter  which  is  found  by  test  to  contain,  per  pound  of  dry 
coal — 

Over  9  per  cent  and  less  than  9.5  per  cent 2  cents  per  ton. 

******* 

Over  11.5  per  cent  and  less  than  12 12  cents  per  ton. 

ft  *****  * 

13.5  per  cent  and  over 23  cents  per  ton. 

This  table  is  made  for  each  difference  of  one-half  of  1  i>er  cent  and  at  the 
rate  of  4  cents  for  each  1  i)er  cent  increase  in  the  ash. 

Table  of  deductions  for  sulphur. 

For  coal  in  any  lighter  which  is  found  by  test  to  contain,  i)er  pound  of  dry 
coal — 
Over  1.50  i)er  cent  and  less  than  1.75  lycv  cent 6  cents  i)er  ton. 

Over  2  i)er  cent  and  less  than  2.25  i)er  cent 10  cents  per  ton. 

2.50  and  over 20  cents  yter  ton. 

This  table  is  made  out  for  each  difference  of  one-fourth  of  1  per  cent  and  at 
a  diminishing  rate. 

Should  any  lighter  of  coal  delivered  at  the  company's  docks  contain  less  than 
700  tons,  a  deduction  of  7  cents  per  ton  will  be  made  from  the  price  as  deter- 
mined by  the  British  thermal  unit  value  and  analysis,  in  addition  to  any  other 
jienalty  provided  for  herein.  Should  any  lighter  of  coal  delivered  at  the  com- 
jiauy's  docks  bo  r(»jeoted  by  the  sui)eriutendent  on  account  of  excessive  amount 
of  coal  dust,  then  a  deduction  of  25  cents  iH»r  ton  will  be  made  from  the  price 
as  determined  by  the  British  tlicrniai  unit  value  and  analysis,  for  the  coal 
taken  from  said  light(»r,  in  addition  to  any  other  penalty  which  may  be  made 
as  herein  provided.  Sliould  any  lighter  of  coal  be  delivered  in  other  tlian  self- 
trimming  lighters  as  herein  jirovidtnl,  a  dwluctlon  of  7  cents  i>er  ton  will  be 
made  from  the  price  as  detiTUiined  by  the  British  thermal  unit  value  and  analy- 
sis, exclusive  of  any  other  penalty  which  may  bo  made  as  herein  provided. 

The  contractor's  bill  of  lading  will  be  checked  by  the  company's  scales. 
Should  there  be  a  deficiency  of  1  i)er  cent  or  more  between  the  bill  of  lading 
and  the  company's  weights,  then  the  company's  weights  will  be  taken  as 
correct. 

When  the  contractor  has  been  notified  by  the  company  to  deliver  coal  under 
this  contract,  a  further  notice  may  be  given  requiring  the  contractor  to  make 
deliverv  of  the  coal  so  ordered  within  twelve  hours  after  the  receipt  of  said 
second  notice.  Should  the  contractor,  for  any  reason,  fail  to  deliver  the  coal 
so  ordered  within  twelve  hours  after  the  rec*eii)t  of  said  second  notice  and  in 
accordance  with  the  nniuirements  therein  as  to  place  of  delivery,  the  company 
shall  be  at  liberty  to  buy  coal  in  the  open  market,  and  the  contractor  will  make 
good  to  the  company  any  difference;  there  may  be  between  the  price  paid  by 
the  ccmipany  for  said  coal  in  or)en  market  and  the  price*  the  company  would 
have  paid  to  the  contractor  had  the  coal  been  delivered  by  it  in  accordance  with 
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tbe  requirements  of  said  notices  from  tlie  company,  or  said  difference  may  be 
deducted  from  any  money  then  due  or  tliereafter  to  become  due  to  tlie  con- 
tractor under  the  contract  to  be  entered  Into. 

METHODS  OF  SAMPUNG  AND  TESTING. 

In  connection  with  the  Survey's  study  of  the  coal  deposits  of  the 
country  and  the  best  methods  to  prevent  waste  in  mining  and  utiliz- 
ing the  coal  supply,  trained  inspectors  have  visited  nearly  300  mines 
in  23  States,  taking  two  or  more  samples  from  each  mine.  A  study 
of  the  analyses  of  these  samples  and  of  samples  taken  from  cars 
shipped  from  175  of  the  same  mines  shows  that  the  mine  sample 
is  in  most  instances  better  than  the  average  of  the  coal  as  shipped  in 
cars.  On  the  average  the  coal  delivered  contains  about  one-third 
more  ash  than  the  mine  sample  taken  in  accordance  with  the  instruc- 
tions to  the  miners  regarding  the  rejection  of  slate  and  impurities. 
This  difference  is  due  to  the  failure  of  the  miners  to  follow  these 
instructions  in  getting  out  coal  for  shipment.  The  samples  collected 
by  the  Government  inspectors  from  the  mines  almost  invariably  show 
a  higher  moisture  content  than  is  usually  obtained  in  commercial  sam- 
pling, because  of  the  precaution  taken  to  have  the  sample  represent 
the  coal  in  the  mine.'* 

Mine  samples  when  properly  taken  indicate  the  general  character 
of  the  coal  and  enable  one  to  judge  of  its  probable  value  for  any  def- 
inite purpose. 

Samples  taken  from  the  cars  should  not  be  limited  to  a  few  shovel- 
fuls of  coal  from  the  top  of  the  car,  because  the  heavier  pieces  gradu- 
ally work  down  toward  the  bottom.  Some  samples  taken  at  the 
bottom  of  a  car  have  shown  as  much  as  8  per  cent  more  ash  than 
the  coal  at  the  top.  The  moisture  also  may  vary  from  top  to  bot- 
tom, depending  on  the  weather.  The  only  way  to  get  a  fair  sample 
is  to  take  a  number  of  shovelfuls  of  coal  from  various  points  in  the 
car,  so  as  to  procure  a  representative  portion  of  the  coal  from  top  to 
bottom  and  from  end  to  end. 

Bituminous  coal  when  exposed  to  the  air  gradually  depreciates  in 
heating  value,  owing  to  losses  of  volatile  matter,  but  aside  from  this 
loss  there  should  be  the  same  total  number  of  heat  units  in  a  car  of 
coal  when  it  reaches  its  destination  as  when  it  started.  If  rain  falls 
on  the  coal  it  will  become  heavier  and  a  greater  number  of  pounds 
will  be  delivered,  but  each  pound  will  have  a  correspondingly  lower 
heat  value.  On  the  other  hand,  if  the  weather  is  fair  and  the  coal 
dries  out  on  the  way,  it  will  weigh  less  and  the  heating  value  of 
each  pound  will  be  correspondingly  higher.  In  other  words,  under 
a  specification  such  as  is  used  by  the  Government,  neither  the  dealer 

*A  description  of  the  method  of  mine  sampling  Is  given  In  Bull.  U.  S.  Geol.  Survey 
No.  290,  1906,  pp.  17-18.     See  also  Bull.  No.  316,  1907,  pp.  486-617. 
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nor  the  purchaser  will  gain  or  lose  by  change  in  the  moisture  con- 
tent of  the  coal  between  the  time  it  is  weighed  at  the  mine  and  the 
time  it  is  weighed  on  delivery.  The  price  per  ton  will  be  correspond- 
ingly lower  if  the  coal  is  wet  and  higher  if  the  coal  is  dry. 

In  order  to  determine  the  maximum  variation  in  moisture  in  sev- 
eral sizes  of  anthracite  coal  the  following  experiments  were  made: 
The  coal  was  soaked  in  water  to  allow  it  to  absorb  as  much  moisture 
as  possible,  the  result  representing  the  extreme  conditions  due  to 
rains  or  other  causes.  Each  sample  was  then  weighed  and  allowed 
to  dry  in  a  room  exposed  to  the  air.  Wlien  this  sample  ceased  to  lose 
moisture  it  was  assumed  to  be  air  dried,  which  represents  the  condi- 
tion of  least  moisture  to  be  expected  in  a  delivery  of  coal.  The  re- 
sults are  summarized  in  the  following  table : 

Experimimts  to  determine  possihle  variations  of  moisture  in  anthracite  coal 

during  shipment. 


Number  ol  samples  used  in  experiment 

Number  of  hours  dried  in  air  at  ordinary  room  temperature 

Total  moisture  in  thoroughly  wet  coal percent-. 

Moisture  In  air-dried  samples __ —do 

Loss  of  moisture — _— do 

Percentage  of  maximum  ^  ariation  In  moisture  from  wet  to  air- 
dried  coal - - 


Furnace. 

Pea. 

Buck- 
wheat. 

13 

10 

18 

O.r>to24 

24 

21 

ri.i2 

5.74 

8.44 

3.58 

1.84 

2.S1 

.73tol.W 

3.1to3.9 

4.5tO«.2 

80 

68 

71 

The  air-dried  anthracite  still  contains  from  1.8  to  3.6  per  cent  of 
moisture.  Moisture  in  air-dried  coal  varies  with  the  weather,  just  as 
it  does  in  wood. 

The  moisture  in  air-dried  bituminous  coals  depends  on  the  character 
of  the  coal.  It  is  about  1  per  cent  in  AAVst  Virginia  coal  and  about  7 
per  cent  in  Illinois  coal.  The  moisture  in  the  same  Illinois  coal 
delivered  may  range  from  7  to  17  per  cent. 

Owing  to  tliese  variations  some  method  should  be  used  to  correct 
for  the  difference  in  moisture  in  coals  of  different  character. 

The  following  suggestions  are  presented  for  the  guidance  of  those 
who  wish  to  send  samples  to  a  laboratory  for  analysis : 

If  samples  are  taken  at  the  buildings  as  the  coal  is  delivered,  it  will 
usually  be  satisfactory  to  take  one  shovelful  of  coal  from  each  third 
or  fifth  wagonload,  the  load  being  selected  without  the  knowledge  of 
the  driver.  It  must  be  kept  in  mind  that  the  main  object  is  to  obtain 
a  portion  of  coal  which  represents  as  nearly  as  possible  the  entire 
delivery.  The  sample  should  contain  about  the  same  proportion  of 
lump  and  fine  coal  as  exists  in  the  shipment  as  a  whole.  The  practice 
of  taking  a  shovelful  near  the  bottom  of  the  pile  should  be  avoided, 
as  the  larger  lumps  of  coal  roll  down  and  collect  near  the  bottom  and 
such  a  sample  will  not  truly  represent  the  coal. 
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These  samples  should  be  immediately  deposited  in  a  metal  recep- 
tacle having  a  tight-fitting  cover  and  provided  with  a  first-class  lock. 
Except  when  samples  are  being  deposited  or  when  the  contents  are 
being  quartered  down,  this  receptacle  should  be  securely  locked  and 
the  key  held  by  a  responsible  employee.  The  receptacle  should  be 
placed  in  a  comparatively  cool  location  to  avoid  loss  of  moisture  in 
the  coal.  When  it  becomes  filled,  or  at  the  end  of  the  sampling 
period,  the  contents  should  be  emptied  on  a  clean,  dry  floor,  in  a  cone- 
shaped  pile.  The  larger  lumps  should  be  broken  down  by  a  coal  maul 
or  sledge,  and  the  pile  re-formed  and  quartered  into  four  equal  parts, 
a  shovel  or  board  being  used  to  separate  the  four  sections.  Two 
opposite  sections  should  then  be  rejected  and  the  remaining  two  again 
mixed,  broken  down,  and  re-formed  into  a  pile  to  be  quartered  as 
before.  This  process  should  be  continued  until  the  lumps  are  no 
larger  than  pea  size,  and  a  quart  sample  is  finally  procured.  The 
samples  should  then  immediately  be  placed  in  suitable  receptacles  for 
shipping  and  sealed  air-tight.  The  Geological  Survey  inspectors  use 
a  metal  can  3  inches  in  diameter  and  9  inches  high,  with  a  screw  cap 
2  inches  in  diameter,  for  making  shipments  to  the  chemical  laborator^^ 
These  cans  are  sealed  air-tight  by  winding  adhesive  electrical  tape 
around  the  joint  of  the  screw  cap.  Each  can  holds  about  a  quart,  or 
2  pounds  of  coal. 

The  process  of  quartering  down  and  preparing  samples  for  ship- 
ment to  the  chemical  laboratory  for  analysis  should  be  carried  on  as 
rapidly  as  possible  to  avoid  loss  of  moisture.  The  samples  should 
be  forwarded  promptly  and  notice  of  shipment  sent  under  separate 
cover.  Receptacles  should  be  marked  plainly  on  the  outside,  and  a 
corresponding  number  or  description  should  be  placed  inside.  A 
complete  record  of  all  deliveries  should  be  kept,  showing  dates, 
names  of  contractor,  kind  of  coal,  total  weight  delivered,  condition 
of  coal  (wet  or  dry),  and  any  other  particulars  of  importance. 

The  procedure  at  the  chemical  laboratory  of  the  Geological  Survey 
testing  plant  is  described  in  Survey  Bulletin  No.  261.  The  samples 
are  crushed  and  ground  to  a  fine  powder,  and  then  analyzed  and 
tested. 

Persons  not  experienced  in  taking  samples  have  a  tendency  to 
delect  a  sample  better  than  the  average.  In  many  cases  a  lump  of 
coal  is  broken  and  shipped  in  a  cloth  sack  to  the  laboratory.  This 
allows  the  moisture  to  dry  out ;  moreover,  the  lump  selected  is  usually 
free  from  layers  of  slate  and  impurities  and  of  course  then  represents 
the  best  coal  in  the  lot,  and  shows  a  higher  value  than  can  be  expected 
to  hold  throughout  the  coal  delivered. 

The  preceding  statements  show  that  the  purchaser  should  usually 
have  the  quality  determined  on  the  basis  of  coal  "  as  received,"  in 
order  to  correct  any  excess  or  deficiency  in  the  moisture  content* 
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ANAIiYSBS  OF  COAIiS  DUT^IVERBD  TO  THE  GOVERNMENT. 

The  following  tables,  giving  the  results  of  tests  made  by  the 
Geological  Survey  on  coal  delivered  to  the  Government  Departments, 
are  submitted  in  response  to  numerous  recent  requests  for  informa- 
tion regarding  the  quality  of  coal  which  may  be  expected,  and  the 
variations  in  quality  which  may  be  found  from  month  to  month  in 
coal  delivered  by  the  same  dealer  and  presumably  from  the  same 
mine  or  group  of  mines: 

Average  analyses  of  anthracite  coal  delivered  to  all  Government  huildings  in 
Washington,  D,  0.,  from  December  15,  1906,  to  April  26,  1907.^ 


Furnace. 

Egg. 

Pea. 

Buck- 
wheat. 

Dry  coal: 

Volatile  matter 

2.42 
87.14 
10.44 

3.10 
86.33 
10.57 

3.02 
80.94 
16.(M 

2.42 

Fixed  carbon    _         -         -     -                                 _    _ 

79.58 

Ash          

18.06 

100.00 

.79 
13,406 

4.06 
12,881 

100.00 

lOO.OO 

100.00 

Sulphur  * 

.96 
13,523 

4.16 
12,961 

.80 
12,487 

4.81 
11.886 

.66 

B.  t.  u_      

W.107 
5  00 

Ooal  as  received: 

Moisture                .    _ 

B.  t.  u 

11.483 

« Payment  not  based   on   chemical   analysis. 
*  Separately  determined. 

Analyses  of  anthracite  furnace  coal  delivrrcd  during  1007  to  a   Qovemment 
building  in  Washington,  I).  C/^ 


Jan.  29. 

Feb.  2. 

Dry  coal: 

Volatile  matter- 
Fixed  carbon 

Ash_ _. 

2.66 
80.38 
10.96 

2.8.') 
86.34 
10.81 

lOO.OO 

100.00 

Sulphur  * 

B.  t.  u    _    - 

.78 
13,297 

4.13 
12,749 

.78 
13,435 

4.19 
12,874 

Ooal  as  received: 

Moisture 

B.  t.  u 

Feb.  4. 

Feb.  9. 

3.32 

87.66 

9.02 

2.r>:j 
86.a'i 

10.82 

100.00 

lOO.OO 



-^ — —- 

.78 
13,764 

.78 
13,418 

4.67 
13,121 

4.41 
12,826 

Feb.  11. 


3.06 
a').  45 
11.49  t 


13,282 


3.83 
12,773 


Feb.  12. 

Feb.  14. 

Feb.  15. 

2.56 
86.69 
10.75 

2.99 
86.63 
10.38 

2.09 
86.15 
11.76 

100.00 

100.00 

100.00 

.84 
13,360 

.'■>.83 
12.n82 

.83 
13,427 

4.99 
12,757 

.95 
13,168 

4.33 
12,596 

Dry  coal: 

Volatile  matter- 
Fixed  carbon 

Ash 


Sulphur  * 

B.  t.  u _. 

Ooal  as  received: 

Moisture 

B.  t.  u 


Feb.  23.  ]  Feb.  25.     Feb.  20.     Feb.  27.     Feb.  28.     Mar.  13.    Average. 


1.56 
87.96 
10.48 


100.00 


.o:< 
13,094 


3.06 
12,694 


1.62 
87.77 
10.61 


2.00 
88.01 
9.39 


3.3t 
8f5.12 
10.54 


2.84 
8.-).  37 
11.79 


2.13 

87.22 
10.65 


.78 
13,346 


3.'iO  I 
12,879  i 


.74 
13,055  i 


3.93  I 
13,118  I 


.87 
13,300 


4.50 


.80 
13.106 


5.00 
12,429 


100.09 


.79 
13,421 


2.12 
13,136 


2.51 
88.74 
10.75 


100.00 

.81 
13,963 

4.24 

12,795 


«  Contract  for  4.500  tons.     Payment  not  based  on  chemical  analysis. 
^  Separately  determined. 
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Analyses  of  anthracite  egg  coal  delivered  during  1907  to  a  Oovernment  building 

in  Washington,  D.  C.« 


Jan.  29. 

Jan.  31. 

Feb.  5.' Feb.  9. 

Feb.  11. 

Feb.  13. 

Feb.  li 

Feb.  15. 

Feb.  21. 

Dry  coal: 

VolatUe  matter- 
Fixed  carbon 

Ash 

2.96 
86.29 
10.75 

2.83 
85.58 
11.59 

2.57 
86.27 
11.16 

3.90          3.17 
S;-).39         86.76 
10.71         10.07 

3.53 
86.04 
10.43 

3.05 
86.90 
10.06 

3.69 
88.36 
9.^ 

2.86 
85.72 
11.42 

100.00 

100.00 

100.  OO 

100.00  j    100.00  :    100.00 

100.00 

100.00 

100.00 

Sulphur  > 

B.  t.  u 

Coal  as  received: 

Moisture 

B.  t.  u 

.98 
13,423 

4.18 
12,863 

.92 
13.279 

4.34 
12,708 

.86 
13,336 

3.38 
12.886 

1.15 
13,495 

4.01 
12,953 

1.06 
13,588 

4.11 
13,080 

.93 
13.614 

4.17 
13,045 

1.04 
13,738 

4.73 
13.688 

1.12 
13,649 

4.51 
13,084 

.97 
13,328 

4.23 
12.764 

Feb.  23. 

Feb.  25. 

Feb.  26. 

3.15 
86.58 
10.27 

Feb.  28. 

3.22 
86.46 
10.32 

Mar.  3. 

2.86 
85.53 
11.61 

Apr.  2. 

Apr.  19. 

Apr.  24. 

Aver- 
age. 

Dry  coal: 

VolatUe  matter.- 

Ffxed  carbon 

Ash 

3.60 
87.99 
9.40 

3.62 
86.00 
10.38 

3.01 
87.59 
9.40 

2.89 
86.93 
10.18 

3.19 
86.36 
10.45 

3.41 
86.99 
9.60 

lOO.OO 

100.00 

100.00 

100.00 

1.13 
13,617 

4.13 
13,065 

100.00 

100.00 

100.00 

100.00 

100.00 

Sulphur  » 

B.  t.  u — 

Moisture- 

B.  t.  u 

.94 
13,798 

4.15 
13,174 

.98 
18,643 

3.64 
13,291 

.99 
13,608 

4.07 
13,064 

1.02 
13,298 

3.15 
12,874 

.99 
13,657 

4.08 
13,100 

1.08 
18,672 

3.92 
18,136 

1.01 
13,558 

4.07 
13,006 

.99 
13,744 

4.15 
13,174 

•  Contract  for  9,000  tons.     Payment  not  based  on  chemical  analysis. 
•Separately  determined. 


Analyses   of  anthracite  pea   coal   delivered   during  J 906-7   to   a    Government 
building  in  Wasliingtony  I).  C." 


Dec.  22. 

Jan.  9. 

Jan.  24. 

3.73 
81.34 
14.93 

Jan.  28. 

Jan.  31. 

Feb.  5. 

3.39 
80.80 
15.81 

Feb.  6. 

4.06 
79.37 
16.57 

Feb.  7. 

3.30 
80.57 
16.18 

Feb.  11. 

Feb.  12. 

Dry  coal: 

Volatfle  matter- 
Fixed  carbon 

Ash 

3.38 
80.51 
16.11 

100.00 

2.58 
84.17 
13.25 

100.00 

3.07 
82.16 
14.77 

3.33 
80.22 
16.45 

3.77 
79.95 
16.28 

8.23 

80.09 
16.68 

100.00 

100.00 

100.00 

100.00 

100.  OO 

100.00 

lOO.OO 

100.00 

Sulphur  » 

B.  t.  u 

.60 
12,460 

4.35 
11.919 

.67 
12.883 

4.62 
12.286 

.99 
12,877 

5.24 
12,203 

1.01 
12,835 

3.40 
12.399 

.87 
12,583 

5.62 
11,876 

.78 
12,623 

5.86 
11,883 

.76 
12.565 

4.27 
12,019 

.77 
12,552 

5.50 
11,862 

.71 
12,418 

6.04 
11,668 

.68 
12,884 

5  78 

Coal  as  received: 
Moisture       

B.  t.  u 

11,668 

Feb.  13.  Feb.  14. 

Feb.  18. 

Feb.  19. 

Feb.  25. 

Mar. 18. 

Apr.  1.  Apr.  8. 

Apr.  12. 

Aver- 
afire. 

I>ry  coal: 

Volatile  matter.. . 

Fixed  carbon 

Ash-... 

2.27        2.32 
82.45  !    80.45 
15.28  1    17.23 

3.50 
78.75 
17.75 

3.06 
81.. ^5 
15.50 

2.13 
83.24 
14.  &1 

2.50 
80.83 
16.67 

2.49 

79.45 
18.06 

2.51 
81.00 
16.49 

2.74 
81.24 
16.02 

3.02 
80.94 
16.04 

100.00  1  100.00 

100.00 

1.05 
12,160 

4.58 
11,603 

100.00 

.89 
»12.464 

5.23 
11,812 

100.00  1  lOO.OO   100.00 

.68           .80  ;       .60 

12,627  ,  12,410  12.088 

i 

5.02  '      3.85       2.97 

11,993  1  11,982    11,680 

1 

100.00 

100.00 

100.00 

Sulphur  * 

B.  t.  u 

Goal  as  received: 

Moisture... 

B.  t.  u 

.92 
12.300 

5.20 
11.660 

.86 
12,317 

4.92 
11,711 

.64 
12,284 

5.18 
11.649 

.77 
12.479 

3.77 
12,008 

.80 
12,487 

4.81 
11,886 

•Contract  for  0.000  tons. 
*  Separately  determined. 


I*ayment  not  based  on  chemical  analysis. 


CLASSIFICATION  OF  THE  PUBLICATIONS  OF  THE  UNITED  STATES  GEOLOGICAL 

SURVEY. 

[Bulletin  No.  339.] 

The  serial  publications  of  the  United  States  Greological  Survey  consist  of  (1) 
Annual  Reports,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
Resources,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of  United 
States — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  the  United  States- 
folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publication;  the 
others  are  distributed  free.    A  circular  giving  complete  lists  can  l^e  had  on  application. 

Most  of  the  above  publications  can  be  obtained  or  consulted  in  the  following  ways: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
can  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  A  certain  number  are  delivered  to  Senators  and  Representatives  in  Congress 
for  distribution. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  can  be  had  at  practically  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  can  be  consulted 
by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
snbjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
physics;  F,  Greography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  stor- 
age; K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investiga- 
tions; N,  Water  power;  0,  Underground  waters;  P,  Hydrographic  progress  reports, 
Q,  Fuels;  R,  Structural  materials.  This  paper  is  the  tenth  in  Series  Q,  the  com- 
plete list  of  which  follows  (PP= Professional  Paper;  B=Bulletin): 

SERIES  Q,  FUELS. 

B  261.  Preliminary  report  of  the  operations  of  the  coal-testing  plant  of  the  United  States  Geological 

Survey  at  the  Louisiana  Purchase  Exposition,  St.  Louis,  Mo.,  1904;  E.  W.  Parker,  J.  A.Holmea, 

M.  R.  Campbell,  committee  in  charge.    1906.    172  pp. 
PP  48.  Report  on  the  operations  of  the  coal-testing  plant  of  the  United  States  Geological  Survey  at  the 

Louisiana  Purchase  Exposition,  St.  Louis,  Mo.,  1904;  E.  W.  Parker,  J.  A.  Holmes,  M.  R.  Camp- 
bell, committee  in  charge.    1906.    3  parts.    1,492  pp.,  13  pis. 
B  290.  Preliminary  report  on  the  operations  of  the  fuel-testing  plant  of  the  United  States  Geological 

Survey  at  St.  Louis,  Mo.,  1905,  by  J.  A.  Holmes.    1906.    240  pp. 
B  823.  Experimental  work  conducted  in  the  chemical  laboratory  of  the  United  States  fuel-testing 

plant  at  St.  Louis,  Mo.,  January  1, 1905,  to  July  31, 1906,  by  N.  W.  Lortl.    1907.    49  pp. 
B  325.  A  study  of  four  hundred  steaming  tests  made  at  the  fuel-testing  plant,  St.  Louis,  Mo.,  in  1901, 

1905,  and  1906,  by  L.  P.  Breckenridge.    1907.    196  pp. 
B  382.  Report  of  the  United  States  fuel-testing  plant  at  St.  Louis,  Mo.,  January  1, 1900,  to  July  1, 1907, 

Joseph  A.  Holmes  in  charge.    1908.    pp. 

B  833.  Coal-mine  accidents:  their  causes  and   prevention;   a   preliminary  statistical    report,  by 

Clarence  Hall  and  W.  O.  Snelling,  with  an  intnxlaction  by  J.  A.  Holmes.    1907.    21  i>p. 
B.  384.  The  burning  of  coal  without  smoke  in  boiler  plants,  a  preliminary  report,  by  D.  T.  Randall. 

1908.    26  pp. 
B  836.  Washing  and  coking  tests  of  t'oal  and  cupola  tests  of  coke,  by  Richard  Moldcnke,  A.  W. 

Belden,  and  G.  R.  Delamater.    1908.    pp. 

B  889.  The  purchase  of  coal  under  Government  and  commercial  specifications,  on  the  basis  of  its 

heating  value,  by  D.  T.  Randall.    1908.    27  pp. 

Correspondence  should  be  addressed  to 

The  Director, 

United  States  Geological  Survey, 

Washington',  D.  C. 
January,  190e. 
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INTRODUCTION. 


By  C.  W.  Hayes,  Chief  geologist. 


This  bulletin  is  the  sixth  of  a  series,  including  Bulletins  Nos.  213, 
226,  260,  285,  and  316,  Contributions  to  Economic  Geology  for  1902, 
1903,  1904,  1906,  and  1906,  respectively.  These  bulletins  are  pre- 
pared primarily  with  a  view  to  securing  prompt  publication  of  the 
economic  results  of  investigations  made  by  the  United  States  Geolog- 
ical Survey.  They  are  designed  to  meet  the  wants  of  the  busy  man> 
and  are  so  condensed  that  he  will  be  able  to  obtain  results  and  conclu- 
sions with  a  minimum  expenditure  of  time  and  energy.  '  By  means  of 
the  bibliographies  accompanying  the  several  groups  of  papers  they  also 
serve  as  a  guide  to  the  economic  publications,  and  afford  a  better  idea 
of  the  work  which  the  Survey  as  an  organization  is  carrying  on  for  the 
direct  advancement  of  mining  interests  throughout  the  country  than 
can  readily  be  obtained  from  the  more  voluminous  final  reports. 

The  first  two  bulletins  of  this  series  included  numerous  papers  rela- 
ting to  the  economic  geology  of  Alaska.  In  view  of  the  rapid  increase 
of  economic  work,  both  in  Alaska  and  in  the  States,  and  the  organiza- 
tion of  a  division  of  Alaskan  mineral  resources  distinct  from  the 
division  of  geology,  it  was  in  1906  considered  advisable  to  exclude  all 
papers  relating  to  Alaska.  These  were  brought  together  in  a  sepa- 
rate volume  entitled  "Report  of  progress  of  investigations  of  mineral 
resources  of  Alaska  in  1904,"  Bulletin  No.  269.  A  similar  segrega- 
tion of  papers  relating  to  Alaska  was  made  in  1905  and  1906  (Bulletins 
Nos.  284  and  314),  and  will  be  made  this  year. 

During  1906  a  further  change  in  the  arrangement  of  the  economic 
bulletin  seemed  desirable.  The  former  section  of  iron  ores  and  non- 
metallic  minerals  was  divided  and  M.  B.  Campbell  was  placed  in  charge 
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of  a  new  section  devoted  to  the  investigation  of  fuels.  This  change  in 
Survey  organization  was  used  as  a  basis  for  a  separation  of  the  economic 
bulletin,  based  on  subjects.  The  present  bulletin  is  therefore  restricted 
to  the  work  of  the  Survey  in  1907  in  the  metals,  structural  materials, 
and  other  nonmetals  except  coal.  A  separate  bulletin  will  be  issued 
later  relating  to  Survey  work  on  coal,  lignite,  and  peat. 

In  the  preparation  of  the  present  volume  promptness  of  publication 
has  been  made  secondary  only  to  the  economic  utility  of  the  material 
presented.  The  papers  included  are  such  only  as  have  a  direct  eco- 
nomic bearing,  all  questions  of  purely  scientific  interest  being  excluded. 

The  papers  are  of  two  classes:  (1)  Preliminary  discussions  of  the 
results  of  extended  economic  investigations,  which  will  later  be  pub- 
lished by  the  Survey  in  more  detailed  form;  (2)  comparatively  detailed 
descriptions  of  occurrences  of  economic  interest,  noted  by  geologists 
of  the  Survey  in  the  course  of  their  field  work,  but  not  of  sufficient 
importance  to  necessitate  a  later  and  more  extended  description^ 

The  papers  have  been  grouped  according  to  the  subjects  treated. 
At  the  end  of  each  section  is  given  a  list  of  previous  publications  on 
that  subject  by  this  Survey.  These  lists  will  be  serviceable  to  those 
who  wish  to  ascertain  what  has  been  accomplished  b}'^  the  Survey  in 
the  investigation  of  any  particular  group  of  mineral  products.  They 
are  genei*ally  confined  to  Survey  publications,  though  a  few  titles  of 
important  papers  published  elsewhere  by  memljers  of  the  Survey  are 
included. 

Material  assistance  in  the  preparation  of  this  volume  has  been  ren- 
dered by  W.  C.  Phalen,  and  to  him  is  largely  due  the  promptness  of 
its  publication. 

The  results  of  the  Survey  work  in  economic  geology  have  been  pub- 
lished in  a  number  of  different  forms,  which  are  here  briefly  described: 

1.  Papers  and  repoi'ts  accompany  in  (j  the  Annual  Report  of  the  Di- 
rector,— Prior  to  1902  many  economic  reports  were  published  in  the 
royal  octavo  cloth-bound  volumes  which  accompanied  the  Annual 
Report  of  the  Director.  This  form  of  publication  for  scientific 
papers  has  been  discontinued  and  a  new  series,  termed  Professional 
Papers,  has  been  substituted. 

2.  BuUetlna, — The  bulletins  of  the  Survey  comprise  a  series  of 
paper-covered  octavo  volumes,  each  containing  usuall}^  a  single  report 
or  paper.  These  bulletins,  formerly  sold  at  nominal  prices,  are  now 
distributed  free  of  charge  to  those  interested  in  the  special  subject 
discussed  in  any  particular  bulletin.  This  form  of  publication  facili- 
tates promptness  of  issue  for  economic  results,  and  most  economic 
reports  are  therefore  published  as  bulletins.  Their  small  size,  how- 
ever, precludes  the  use  of  large  maps  or  plates,  and  reports  containing 
large  illustrations  are  therefore  issued  in  the  series  of  Professional 
Papers. 
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3.  Professional  Papers. — This  series,  paper  covered,  but  quarto  in 
size,  is  intended  to  include  such  papers  as  contain  maps  or  other  illus- 
trations requiring  the  use  of  a  large  page.  The  publication  of  the 
series  was  conamenced  in  1902,  and  the  papers  are  distributed  in  the 
same  manner  as  are  the  bulletins. 

4.  Mo7U>graphs. — This  series  consists  of  cloth-bound  quarto  vol- 
umes, and  is  designed  to  include  exhaustive  treatises  on  economic  or 
other  geologic  subjects.  Volumes  of  this  series  are  sold  at  cost  of 
publication. 

6.  Geologic Jblios.— Under  the  plan  adopted  for  the  preparation  of 
a  geologic  map  of  the  United  States  the  entire  area  is  divided  into 
small  quadrangles  bounded  by  certain  meridians  and  parallels,  and 
these  quadrangles,  which  number  several  thousand,  are  separately 
surveyed  and  mapped.  The  unit  of  survey  is  also  the  unit  of  publica- 
tion, and  the  maps  and  descriptions  of  each  quadrangle  are  issued  in 
the  form  of  a  folio.  When  all  the  folios  are  completed,  they  will  con- 
stitute a  Geologic  Atlas  of  the  United  States. 

A  folio  is  designated  by  the  name  of  the  principal  town  or  of  a 
prominent  natural  feature  within  the  quadrangle.  It  contains  topo- 
graphic, geologic,  economic,  and  structural  maps  of  the  quadrangle, 
and  in  some  cases  other  illustmtions,  together  with  a  general  descrip- 
tion.    . 

Under  the  law  copies  of  each  folio  are  sent  to  certain  public  libraries 
and  educational  institutions.  The  remainder  are  sold  at  25  cents  each, 
except  such  as  contain  an  unusual  amount  of  matter,  which  are  priced 
accordingly. 

Circulars  containing  complete  lists  of  these  folios,  showing  the  loca- 
tions of  the  quadrangle  areas  they  describe,  their  prices,  etc.,  are  issued 
from  time  to  time,  and  may  be  obtained  on  application  to  the  Director 
of  the  United  States  Geological  Survey.  The  following  list  shows  the 
folios  issued  since  January  1,  1907,  and  in  an  advanced  state  of  prepa- 
ration, also  the  economic  products  discussed  in  the  text  of  each,  the 
products  of  greatest  importance  being  printed  in  italic: 

List  of  geologic  folios  issued  since  January  1,  1907 ^  showing  mineral  resources  described. 


No. 

Name  ot  folio. 

State. 

Area 

in 
square 
miles. 

Author. 

Mineral  products  described 
as  occurring   in  area   of 
folio. 

148 

Nantabala 

N.C.-Tenn... 
Pa 

976 

228 

1,756 

229 

Keith,A 

Marble,   talc,    kaolin,   soap- 
stone,    mica,    corundum, 
iron,  gold. 

Coal,   oil,    got,    limestone, 
shale,  sandstone. 

ydnc,  lead,  cement,  building 
stone,  glass  sand,  clay. 

Oil,    gas,   coal,    limestone, 
sandstone. 

144 

Ainity 

Clapp,  F.  G 

145 
14A 

Lancaster-Mineral 
Point. 

BogexsviUe 

Wi8.-Iowa-Ill. 
Pa 

Grant,   U.    S.;     Bur- 
chaid,  E.  F. 

Clapp.F.G 

10         CONTRIBUTIONS   TO   ECONOMIC   GEOLOGY,  1907,  PABT  I. 
List  of  geologic  folioB  issued  since  January  ly  1907,  etc, — Continaed.  ^ 


No. 

Name  of  folio. 

State. 

Area 

in 
square 
miles. 

Author. 

Mineral  products  described 
as  occurring  in   area  of 
folio. 

147 

Plsgah 

N.C.-S.C 

Mo.-Kans 

Me 

476 

857 
849 

963 

932 

235 
969 

885 

878 
906 

216 

KeIth,A 

talc,kaoIin,flrold,gnipfaite, 
copper,    building    stone, 
lime,  clay. 

Zinc,  lead,  lime,  barite.  coal, 
bitumen,     oil,     building 
stone,  clay,  underground 
water. 

Oranite,  limestone,  building 
stone,  copper,  clay. 

Coal,  building  stone,  clay, 
gypsum,  unaerground  wa- 

Iron,  mica,  lime,  talc,  snap- 
stone,  building  stone,  road 
material,  clay. 

Clay,  sand,  gravel,  building 

earth,  underground  vater. 

saver,  gold,  building  8tone, 
lime. 

Lime,    clay,    coal,    under- 
ground water. 

Road     material,     building 
stone,  clay,  cement  mate- 
rial,   marl,    peat,    under- 
ground water. 

Clay,  sand,  gravel,  cement 
material,  volcanic  ash.  lig- 
nite, underground  mater. 

Iron,  building  stone,  road 
material,  po«cryctay,  brick 
clay,  graphite,  peat,  un- 
derground water. 

Lime,  granite,  clay,  peat,  road 
material,   gravel,   under- 
ground water. 

148 
149 

Joplln  district 

Penobscot  Bay 

Devils  Tower 

Roan  Mountain 

Patuxent 

Ouray ..'. 

Smith,  W.  S.  T.;  Sie- 
benthal^C.E. 

Smith,  Q.  0.;  Bastin, 
E.S.;  Brown,  C.W. 

Darton.N.  H.;  O'Har- 
ra,  C.C. 

Keith,  A 

150 

Wyo 

151 

Tenn.-N.C... 

Md.-D.C 

Colo 

162 
158 

Shattuck,  G.  B.;  Mil- 
ler, B.  L. 

Cross,  W.;  Howe,  E.; 
Irving,  J.  D. 

Purdue,  A.  H.;  Adams, 
G.I. 

Russell,  I.  C;  Lever- 
ett,  F. 

Todd,  J.  E. 

154 

Winslow 

Ark 

15f> 

Ann  Arbor 

Mich 

156 

Elk  Point 

S.Dak.-Nebr.- 
lowa. 

N.  J.-N.  Y.... 
Me 

157 
158 

Passaic 

Rockland 

Darton.  N.  IT.;   Bav- 
ley,    W.    8.:    Ralis- 
burv,  R.  D.:  Kum- 
mel,  H.  B. 

Bastin,  E.  8 

Name  of  folio. 


At)erdeen-Redfield . . . 

Accident-Grantsville . 
Bellefourche 


El  Paso 

Franklin  Furnace. 


Independence . 


[jist  of  geologic  folios  in  preparation. 


S.  Dak. 


Md.-Pa.-W. 
Va. 

S.  Dak 


N.J. 


Area 

in 
square 
miles. 


Author. 


Mineral  products  described 
as  occurring  in  area  of 
folio. 


3, 383     Todd,  J.  E . 


I 


4G0 
849 


Martin,  G.  C 


O'Harra,  C.  V. 
N.  n. 


Darton, 


Richardson,  G.  B.. 


Lignite,  clay,  sand,  gravel, 
salt,  gas,  underground 
tvater. 

Coal,  fire  clay,  lime,  building 
stone,  road  material. 

Gypsum,  lime,  clay,  building 
stone,  bentonite,  under- 
ground water. 

Tin,  clay,  cement,  flux,  lime, 
sand,  gravel,  underground 

water. 

226     Wolff,  J.  E.;  Spencer,  A.  I  Limr,    flux,   road    material, 

C;  Palache,  Charles;  |      graphite,  iron,  zinc,  man- 

SalLsbnr>%R.D.;  Kiim-        ganese,  building  stone. 

I      mel,H.B. 

950     Sc'hrader,  F.  (' Oil,  gas,  coal,  building  stone, 

road  material,  lime,  glass 
.•^iind.  cement  material,  clay, 
underground  water. 
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Name  of  folio. 

State. 

Area 

in 
square 
mileA. 

Author. 

Mineral  products  described 
as  occurring  in  area  of 
folio. 

Mercer8burg-Cham- 

Pa '. 

468 
916 
950 
912 
1,770 

8toee,G.  W 

Bascom,  F.;  Darton,  N. 
H.;    Clark,    W.    B.; 
Kttmmel,H.B.;  Salis- 
bury, R.  I). 

Branner,  J.  C;  New- 
some,  J.  F.;  Arnold, 
R. 

Baacom,  F.;  Darton,  N. 
H.;    Clark,    W.    B.; 
Kflmmel,H.B.:  Salis- 
bury, R.  D. 

Williams.  H.  S.;  Tarr, 
R.  S.;  Kindle,  E.  M. 

Iron,  manganese,  white  clay, 
barite,  hme,  cement  mate- 
rial, sand,  clay,  building 
stone,  marble,  road  mate- 
rial, underground  water. 

Building  stone,  road  mate- 
rial, Ume,  magnesium  car- 
bonate, Roapstone,  iron, 
gravel,  sand,  pottery  day, 
feldspar,  brick  day,  marl. 

Gold,  bituminous  rock,  petro- 
leum, building  stone,  road 
material,  lime,  cement  ma- 
terial, diatomaceous  shale, 
sand,  underground  water. 

Pottery  clay,  brick  clay,  moUi- 
ing  sand,  building  sand, 
gravel,  marl,  building 
stone,  road  material,  lime, 
copper,  barite. 

Sand,  gravel,  clay,  under- 
ground water. 

benbmg. 
piifiiMi4»iptii^ 

Pa.-N.J 

Cal. 

flantaCnu 

Trenton 

N.J.-Pa...... 

N  Y 

Watkins    Glen-Cata- 

topk. 

6.  Mineral  Reaources. — From  1883  to  1894,  inclusive,  an  octavo 
cloth-bound  volume  bearing  the  above  title  was  issued  annually, 
except  that  the  reports  for  the  years  1883-84  and  1889-90  were 
included  by  pairs  in  single  volumes.  The  first  of  this  series  was 
Mineral  Resources  of  the  United  States,  1882;  the  last,  Mineral 
Resources  of  the  United  States,  1893.  In  1894  this  form  of  publi 
cation  was  discontinued,  in  accordance  with  an  act  of  Congress,  and 
thereafter  the  statistical  material  was  included  in  certain  parts  of  the 
sixteenth,  seventeenth,  eighteenth,  nineteenth,  twentieth,  and  twenty- 
first  annual  reports.  The  separate  publication  of  the  series  on  min 
eral  resources  was  resumed,  however,  in  1901,  in  accordance  with  an 
act  of  Congress,  and  seven  volumes  of  the  new  series.  Mineral  Re- 
sources of  the  United  States  for  1900,  for  1901,  for  1902,  for  1903, 
for  1904,  for  1905,  and  for  1906,  have  been  issued. 

This  publication  contains  a  systematic  statement  of  the  produe^ 
tion  and  value  of  the  mineral  products  of  the  United  States,  a  sum 
mary  of  new  mineral  resources  developed,  and  short  papers  on  eco- 
nomic geology  when  these  are  necessary  to  account  for  the  new 
developments. 


INVESTIGATIONS  RELATING  TO  NONMETALUC 
MINERAL  RESOURCES. 


By  C.  W.  Hayes,  Chief  Geologist. 


PUBIilCATlONS  I8SUKD  AXD  IN  PREPARATION. 

During  the  year  1907  the  following  publications,  consisting  wholly 
or  in  part  of  the  results  of  investigations  on  the  nonmetallic  mineral 
resourceis  of  the  United  States,  were  issued  by  the  Survey.  Publica- 
tions relating  to  coal,  lignite,  peat,  etc.,  except  folios,  are  not  included 
in  this  list. 

Bulletins: 

No.  279.  Economic  geology  of  the  Kittanning  and  Rural  Valley  quadrangles, 

Pennsylvania,  by  Charles  Butts. 
No.  296.  Economic  geology  of  the  Independence  quadrangle,  Elansas,  by  F.  C. 

Schrader  and  E.  Haworth. 
No.  300.  Economic  geology  of  the  Amity  quadrangle,  eastern  Washington  County, 

Pennsylvania,  by  F.  G.  Clapp. 
No.  304.  Oil  and  gas  fields  of  Greene  County,  Pennsylvania,  by  R.  W.  Stone 

and  F.  G.  Clapp. 
No.  309.  The  Santa  Clara  Valley,  Puente  Hills,  and  Los  Angeles  oil  districts, 

southern  California,  by  G.  H.  Eldridge  and  Ralph  Arnold. 
No.  313.  The  granites  of  Maine,  by  T.  Nelson  Dale,  with  an  introduction  by 

George  Otis  Smith. 
No.  317.  Preliminary  report  on  the  Santa  Maria  oil  district,  Santa  Barbara 

County,  California,  by  Ralph  Arnold  and  Robert  Anderson. 
No.  31 8.  Geology  of  oil  and  gas  fields  in  Steuben\dlle,  Burgettstown,  and  Clays- 

ville  quadrangles,  Ohio,  West  Virginia,  and  Pennsylvania,  by  W.  T. 

Griswold  and  M.  J.  Munn. 
No.  321.  Geology  and  oil  resources  of  the  Summerland  district,  Santa  Barbara 

County,  California,  by  Ralph  Arnold. 
No.  322.  Geology  and  oil  resources  of  the  Santa  Maria  oil  district,  Santa  Bar- 
bara County,  California,  by  Ralph  Arnold  and  Robert  Anderson. 
No.  324.  The  San  Francisco  earthquake  and  fire  of  April   18,  1906,  and  their 

effects  on  structures  and  structural  materials,  by  G.  K.  Gilbert,  R.  L. 

Humphrey,  J.  S.  Sewell,  and  Frank  Soule. 
12 
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The  following  folios  are  those  in  which  nonmetallic  products  of  con- 
siderable importance  are  described.  The  substances  printed  in  italics 
are  of  most  importance. 

Folio8. 

No.  143.  Nantahala  (North  Carolina-Tennessee) ,  by  A.   Keith.    Marble^  talc, 

kaolin,  soapstone,  mica,  corundum,  iron. 
No.  144.  Amity  (Pennsylvania),  by  F.  G.  Clapp.     Coaly  oil,  gas,  limestone,  shale, 

sandstone. 
No.  145.  Lancaster- Mineral  Point  (Wisconsin-Iowa-IUinois),  by  U.  8.  Grant  and 

E.  F.  Burchard.    Cement,  building  stone,  glass  sand,  clay. 
No.  146.  Rogersville  (Pennsylvania),  by  F.  G.  Clapp.     Oil,  gas,  coal,  limestone, 

sandstone. 
No.  147.  Pisgah  (North  Carolina-South  Carolina),  by  A.  Keith.     Mica,  corundum, 

soapstone,  talc,  kaolin,  graphite,  building  stone,  lime,  clay. 
No.  148.  Joplin  district  (Missouri-Kansas),  by  W.  S.  T.  Smith  and  C.  E.  Sieben- 

thal.    Lime,  barite,  coal,  bitumen,  oil,  building  stone,  clay,  under- 
ground water. 
No.  149.  Penobscot  Bay  (Maine),  by  G.  O.  Smith,  E.  S.  Bastin,  and  C.  W. 

Brown.     Granite,  limestone,  building  stone,  clay. 
No.  150.  Devils  Tower  (Wyoming),  by  N.  H.  Barton  and  C.  C.  O'Harra.    Coal, 

building  stone,  clay,  gypsum,  underground  water. 
No.  151.  Roan  Mountain  (North  CaroHna-Tennessee),  by  A.  Keith.    Iron,  mica, 

lime,  talc,  soapstone,  building  stone,  road  material,  clay. 
No.  152.  Patuxent  (Maryland-District  of  Columbia),  by  G.  B.  Shattuck  and 

B.  L.  Miller.    Clay,  sand,  gravel,  building  stone,  marl,  diatomaceous 

earth,  underground  water. 
No.  153.  Ouray  (Colorado),  by  W.  Cross  and  E.  Howe.    Building  stone,  lime. 
No.  154.  Winslow  (Arkansas),  by  A.  H.  Purdue  and  G.  I.  Adams.     Lime,  clay, 

coal,  underground  water. 
No.  155.  Ann  Arbor  (Michigan),  by  I.  C.  Russell  and  F.  Leverett.    Road  mate- 
rial, building  stone,  day,  cement  material,  marl,  peat,  underground 

•water. 
No.  156.  Elk  Point  (South  Dakota-Nebraska-Iowa),  by  J.  E.  Todd.    Clay,  sand, 

gravel,  cement  material,  volcanic  ash,  lignite,  underground  water. 
No.  157.  Passaic  (New  Jersey-New  York),  by  N.  H.  Darton,  W.  8.  Bayley,  R.  D. 

Salisbury,  and  H.  B.  Kiimmel.     Iroti,  building  stone,  road  material, 

pottery  day,  brick  clay,  graphite,  peat,  underground  water. 
No.  158.  Rockland  (Maine),  by  E.  S.  Bastin.    Lime,  granite,  clay,  peat,  road 

material,  gravel,  underground  water. 

Reports  for  which  the  field  work  has  been  completed  and  which  are 
in  an  advanced  state  of  preparation  are  the  following: 

Iron. 

The  iron  ores  and  iron  industry  of  the  Birmingham  district,  Alabama,  by  E.  C. 
Eckel,  E.  F.  Burchard,  and  Charles  Butts. 

The  iron  ores  of  the  Iron  Springs  district,  Utah,  by  C.  K.  Leith  and  E.  C.  Harder. 
(Bulletin  No.  338.) 

Magnetite  deposits  of  the  Cornwall  type  in  Pennsylvania,  by  A.  C.  Spencer. 


14         OONTBIBUTIONS   TO   ECONOMIC   GEOLOGY,  1907,  PABT   I. 

Petroleum  and  natural  gas. 

Geology  and  oil  resonroee  of  the  Coalinga  district,  Califomia,  bj  Balph  Axnokl  md 
Robert  Anderson. 

Systematic  comparison  of  the  crude  petroleum  in  the  United  States,  by  D.  T.  Day. 

Geology  of  the  Rangely  oil  field,  Rio  Blanco  County,  Colorado,  by  Hoyt  8.  Gale. 
(Bulletin  No.  350.) 

Structure  of  the  Berea  oil  sand  in  Flushing  quadrangle,  Harrison,  Belmont,  and 
Guernsey  counties,  Ohio,  by  W.  T.  Griswold.    (Bulletin  No.  346. ) 

Oil  and  gas  in  the  Sewickley,  Carnegie,  and  Clarion  quadrangles,  Pennsylvania, 
by  M.  J.  Munn. 

Geography  and  geology  of  a  portion  of  southwestern  Wyoming,  with  special  refer- 
ence to  coal  and  oil,  by  A.  C.  Veatch.     (Professional  Paper  No.  56.) 

Building  sUmeSy  road  metal,  etc. 

The  road  materials  of  Maine,  by  E.  S.  Bastin.<> 

Commercially  important  granites  of  Massachusetts,  New  Hampshire,  and  Rhode 
Island,  by  T.  Nelson  Dale.     (Bulletin  No.  354.) 
Commercially  important  granites  of  Vermont,  by  T.  Nelson  Dale. 

Cement  and  concrete  materials. 

Concrete  materials  produced  in  the  Chicago  district,  by  E.  F.  Borchard. 

The  structural  materials  in  the  District  of  Columbia  region,  by  N.  H.  Darton. 

The  structural  materials  in  the  vicinity  of  Portland,  Greg.,  and  Seattle,  Wash.,  by 
N.  H.  Darton. 

Portland  cement  mortars  and  their  constituent  materials,  by  R.  L.  Humphrey. 
(Bulletin  No.  331.     Published  in  March,  1908.) 

Clays. 

The  clays  of  Arkansas,  by  J.  C.  Branner.     (Bulletin  No.  351.) 
Economic  geology  of  the  Kenova  qua<irangle,  northeastern  Kentucky,  and  adjacent 
portions  of  Ohio  and  West  Virginia,  by  W.  C.  Phalen.     (Coal,  clay,  iron  ore,  petro- 
leum, and  natural  gas,  etc.)     (Bulletin  No.  349.) 

Gypsum  and  magTieaite. 

Gypsum  (lejwsits  of  California,  by  F.  L.  Hess. 

Magnesite  deposits  of  California,  by  F.  I^.  Hess.     (Bulletin  No.  355.) 

Mwcellanemin. 

The  i>egmatite8  of  Maine,  by  E.  S.  Bastin. 

The  occurrence  of  diamonds  in  the  United  States  and  elsewhere,  by  G.  F.  Kunz. 

FIKI.D   WORK. 

As  in  previous  years,  a  large  part  of  the  work  on  nonmetalliferous 
minerals  during  1907  was  carried  on  in  connection  with  other  investi- 
gations, chiefly  areal  surveys.  By  reason  of  the  character  of  these 
deposits  they  can  not  generally  be  studied  with  advantage  in  advance 

a  To  bti  published  by  the  Department  of  Agriculture. 
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of  detailed  topographic  mapping,  and  their  relations  to  the  areal 
distribution  of  the  rock  formations  are  such  that  detailed  areal  geologic 
surveys  are  also  generally  necessary. 

Iron^  mangcmese^  a/nd  aluminwn  ores. — ^The -investigation  of  iron  ores 
of  the  Cornwall  type  in  eastfern  Pennsylvania  has  been  completed  by 
A.  C.  Spencer,  and  a  report  is  in  preparation  which  gives  the  relations 
of  these  ores  to  the  associated  rocks  in  detail  and  points  out  the  direc- 
tions in  which  prospecting  may  be  carried  on  with  the  expectation 
of  locating  other  ore  bodies  in  addition  to  those  now  known.  The 
directing  of  exploration  to  the  most  favorable  localities,  whether 
additional  ore  bodies  are  found  or  not,  will  certainly  effect  great 
economies  in  future  prospecting. 

The  study  of  the  iron  ores  of  Georgia  has  been  continued  by  W.  C. 
Phalen  in  connection  with  areal  work  on  the  Ellijay  and  adjoining 
quadrangles.  His  conclusions  regarding  certain  of  these  deposits  are 
contained  in  a  paper  in  this  volume. 

The  developments  in  the  Lake  Superior  district  have  been  followed 
closely  by  C.  R.  Van  Hise  and  his  assistants.  A  report  summarizing 
the  several  monographs  already  published  and  bringing  information 
and  conclusions  regarding  the  relations  of  the  iron  ores  down  to  date 
is  in  an  advanced  state  of  preparation. 

A  systematic  examination  is  being  made  of  the  manganese  ore 
deposits  of  the  United  States  by  E.  C.  Harder,  and  a  comprehensive 
report  covering  all  known  deposits,  whether  at  present  productive  or 
not,  will  be  prepared.  Information  regarding  these  deposits  is  in 
considerable  demand,  as  it  is  at  present  necessary  to  import  a  large 
portion  of  the  manganese  ore  used  in  this  country. 

The  producing  bauxite  localities  in  Alabama,  Georgia,  and  Tennes- 
see were  visited  during  the  past  season  and  information  was  procured 
looking  to  the  preparation  of  a  comprehensive  report  on  the  aluminum 
ores  of  the  United  States. 

Structural  maierials. — During  the  past  year  the  necessary  field 
work  has  been  carried  on  for  a  thorough  revision  of  Bulletin  No.  243, 
Cement  Materials  and  Industry  of  the  United  States,  by  E.  C.  Eckel. 
This  report  has  been  out  of  print  for  some  time,  and  it  was  found 
necessary,  in.  view  of  the  constant  demand  for  information  on  this 
subject,  to  issue  a  new  edition.  It  was  determined,  therefore,  to 
bring  the  report  up  to  date  and  embody  the  latest  information  avail- 
able before  reissue. 

In  cooperation  with  the  structural-materials  section  of  the  techno- 
logic branch  considerable  work  has  been  done  during  the  past  year  on 
the  geologic  relations  of  building  materials  in  the  vicinity  of  several 
of  the  larger  cities,  particularly  building  stone  and  concrete  materials. 
This  work  has  been  done  chiefly  by  N.  H.  Darton  and  E.  F.  Burchard. 
Two  brief  reports  giving  some  of  their  results  appear  in  this  volume. 
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The  work  on  the  New  England  granites  by  T.  Nelson  Dale  has  been 
continued  during  the  year,  and  he  has  prepared  a  report  on  the  granites 
of  Rhode  Island,  Connecticut,  MasHachusetts,  and  New  Hampshire, 
similar  in  scope  to  Bulletin  No.  313,  on  the  granites  of  Maine. 

Work  has  also  been  in  progress  on  the  granites  of  the  Southern 
Atlantic  States  by  T.  L.  Watson  and  his  report  is  well  advanced.  It 
will  cover  all  the  Atlantic  States  south  of  Pennsylvania  and  will  be 
based  in  part  on  work  of  the  State  surveys,  much  of  which  was  done 
originally  by  Doctor  Watson. 

In  cooperation  with  the  State  of  Arkansas,  a  thorough  investigation 
is  being  made  of  the  Arkansas  slate  deposits  by  A.  H.  Purdue.  The 
detailed  economic  results  of  this  work  will  be  published  by  the  State, 
and  a  brief  statement  of  the  economic  results,  together  with  the  areal 
and  structural  geology,  will  be  embodied  in  the  Caddo  Gap  folio. 

Much  information  regarding  structural  materials,  including  clays, 
building  stone,  and  concrete  material,  has  been  collected  by  geologists 
engaged  in  various  parts  of  the  country  primarily  in  the  study  of 
areal  geology.     This  information  will  appear  in  the  geologic  folios. 

Oil  and  gas. — Detailed  surveys  have  been  continued  by  M.  J.  Munn 
in  the  western  Pennsylvania  oil  and  gas  fields,  in  cooperation  with  the 
State.  The  utility  of  this  exact  instrumental  determination  of  the 
minor  structural  features  of  the  oil  and  gas  bearing  rocks  has  been 
amply  demonstrated  by  actual  field  tests  with  the  maps  previously 
published.  The  cost  of  prospecting  h  very  greatly  reduced  by  a 
reduction  in  the  proportion  of  dry  wells  drilled  and  the  indication  of 
the  most  favorable  locations  for  the  accumulation  of  the  hydrocarbons. 
At  the  same  time  it  has  led  to  important  conclusions,  that  are  of 
general  application,  as  to  the  manner  in  which  oil  and  gas  accumulate 
in  the  rocks.  The  work,  however,  is  very  expensive  and  therefore 
has  not  been  done  extensively  except  in  cooperating  States. 

The  investigation  of  the  California  oil  fields  has  been  continued  by 
Ralph  Arnold,  the  Coalinga,  McKittrick,  Midway,  and  Sunset  fields 
having  been  covered  during  the  past  season.  Reports  on  these  fields, 
similar  in  scope  to  those  published  during  the  year  on  the  Santa  Clara, 
Puente  Hills,  Los  Angeles,  Santa  Maria,  and  Summerland  fields,  are 
in  an  advanced  state  of  preparation. 

In  connection  with  the  investigation  of  the  lead  and  zinc  deposit^s 
and  the  stratigmphy  of  northeastern  Oklahoma,  C.  E.  Siebenthal  made 
a  reconnaissance  of  the  oil  fields  of  that  region.  Although  the  work 
was  not  suflBciently  detailed  to  throw  much  light  on  the  occurrence  of 
the  oil,  it  indicated  the  need  of  work,  which  is  being  planned  for  the 
coming  season. 

Phosphates, — A  thorough  reconnaissance  of  the  Utah-Idaho  phos- 
phate deposits  was  made  by  F.  B.  Weeks  and  the  report  in  prepara- 
tion, a  brief  extract  of  which  appears  in  this  volume,  will  suflSce  until 


INVESTIGATIONS    OF   NONMETALLIO   MINERAL   RESOURCES.       17 

there  are  adequate  topographic  maps  of  the  region  and  the  deposits 
are  more  thoroughly  prospected.  The  work  already  done  will  serve  to 
indicate  to  the  prospector  the  general  location  of  the  phosphatic  beds 
and  their  stratigraphic  associations. 

The  phosphate  deposits  of  Tennessee,  South  Carolina,  and  Florida 
were  visited  by  F.  B.  Van  Horn,  and  plans  are  being  made  for  a  com- 
prehensive report  on  the  rock  phosphates  of  the  United  States. 
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INYESTIGATIONS  REUTING  TO  DEPOSITS  OF 
METALUFEROUS  ORES. 


By  Waldemar  Lindgren,  Geologist  in  cliarge. 


PTJBIilCATIONS  OF  THE  YEAR. 

During  the  year  the  following  publications  on  subjects  connected 
with  the  investigation  of  deposits  of  metalliferous  ores  within  the 
United  States  proper  have  been  issued  by  the  Survey: 

B'^Jlleiiiis: 

No.  287.  The  Juneau  gold  belt,  Alaska,  by  A.  C.  Spencer,  and  A  reconnaissance 
of  Admiralty  Island,  Alaska,  by  C.  W.  Wright. 

No.  320.  The  Downtown  district  of  Leadville,  Colo.,  by  S.  F.  Emmons  and  J.  D. 
Irving. 
Folios: 

No.  143.  Nantahala  (North  Carolina-Tennessee),  by  A.  Keith.  Contains  descrip- 
tion of  gold  deposits. 

No.  146.  Lancaster-Mineral  Point  (Wisconsin-Iowa-Illinois),  by  U.  S.  Grant. 
Contains  description  of  zinc  and  lead  deposits. 

No.  147.  Pisgah  (North  Carolina- South  Carolina),  by  A.  Keith.  Contains  descrip- 
tion of  gold  and  copper  deposits. 

No.  148.  Joplin  district  (Missouri-Kansas),  by  W.  S.  T.  Smith  and  C.  E.  Sie- 
benthal.  Contains  description  of  the  lead-zinc  deposits  of  the  Joplin 
region. 

No.  149.  Penobscot  Bay  (Maine),  by  G.  O.  Smith  and  E.  S.  Hastin.  Contains 
description  of  copper  deposits. 

No.  153.  Ouray  (Colorado),  by  W.  Cross,  E.  Howe,  and  J.  D.  Irving.  Contains 
description  of  gold  and  silver  deposits. 

The  following  list  comprises  reports  for  which  field  work  has  been 
completed,  but  which  have  not  yet  been  issued: 

Economic  geology  of  the  Georgetown  quadrangle,  together  with  the  Empire  district, 
Colorado,  by  J.  E.  Spurr  and  G.  II.  Garrey,  with  a  chapter  on  geology  by  S.  H.  Ball. 
(Professional  Paper  No.  63.) 

Copper  deposits  of  the  Butte  district,  Montana,  by  W.  H.  Weed. 

Economic  geology  of  the  Park  City  mining  district,  Utah,  by  J.  M.  Boutwell  and 
L.  H.  Woolsey. 

Geology  and  ore  deposits  of  the  Cceur  d'Alene  district,  Colorado,  by  F.  L.  Kansome 
and  F.  L.  Calkins.     (Professional  Paper  No.  62.) 

Geology  and  ore  deposits  of  the  Goldfield  district,  Nevada,  by  F.  L.  Ransome. 

Geology  and  ore  deposits  of  the  Bullfrog  district,  Nevada,  by  F.  L.  Hansome  and 
W.  H.  Emmons. 

Geology  and  gre  deposits  of  the  Franklin  Furnace  quadrangle,  New  Jersey,  by 
A.  C.  Spencer, 
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Refiorvey  of  the  LeadviUe  mining  district,  Colorado,  by  8.  F.  Emmons  and  J.  D. 
Irving. 

The  Tertiary  auriferous  gravels  of  the  Sierra  Nevada,  by  W.  Lindgren. 

Reconnaissance  of  the  deposits  of  metalliferous  ores  of  New  Mexico,  by  W.  Lind- 
gren, L.  G.  Graton,  and  C.  H.  Gordon. 

The  copper  deposits  of  Shasta  County,  Cal.,  by  L.  C.  Graton. 

Ore  deposits  of  the  Phillipsburg  quadrangle,  Montana,  by  W.  H.  Emmons. 

Ore  deposits  of  Mohave  County,  Ariz.,  by  F.  C.  Schrader. 

Ore  deposits  of  the  Dahlonega  district,  Georgia,  by  A.  Keith. 

FIEIiD  WORK. 

GENERAL  STATEMENT. 

In  May,  1907,  Mr.  S.  F.  Emmons,  desiring  to  devote  his  entire 
time  to  scientific  work,  relinquished  the  administrative  duties  of  the 
section  of  metalliferous  deposits.  Since  the  organization  of  the  Geo- 
logical Survey  Mr.  Emmons  has  always  occupied  the  position  of  senior 
geologist  in  the  investigation  of  ore  deposits,  and  for  the  last  fifteen 
years  he  has  under  varying  forms  of  administration  had  entire  charge 
of  this  work.  It  is  not  necessary  to  call  attention  to  his  distinguished 
services  nor  to  tell  how  much  the  science  of  ore  deposits  has  gained  by 
his  brilliant  work.  All  those  who  have  worked  under  him  feel  deeply 
how  much  they  have  been  helped  by  his  guiding  hand,  his  pregnant 
suggestions,  and  his  indefatigable  interest  in  their  work. 

During  1907  the  funds  available  for  the  investigations  of  metallif- 
erous deposits  were  unusually  small,  owing  to  the  thorough  and 
extended  work  devoted  in  that  year  to  the  investigation  of  coal  depos- 
its. The  publication  of  the  papers  in  hand  was  also  greatly  delayed 
on  account  of  shortage  in  the  funds  devoted  to  printing.  For  this 
reason  very  few  bulletins  and  professional  papers  were  issued  during 
the  latter  part  of  the  ye^r.  It  is  confidently  expected  that  next  year 
will  witness  a  great  improvement  both  in  extent  of  field  work  and 
number  of  publications  issued. 

As  during  the  previous  year,  the  supervision  of  the  collection  of 
metal  statistics  has  occupied  a  part  of  the  time  of  Messrs.  Boutwell, 
Graton,  Hess,  Lindgren,  and  Siebenthal.  This  work  can  not  be  char- 
acterized better  than  by  quoting  S.  F.  Emmons  in  Bulletin  No.  315, 
Contributions  to  Economic  Geology,  1906,  Part  I: 

This  work  comprises  more  than  a  mere  compilation  of  figures  furnished  by  others 
to  show  production.  It  involves  the  tracing  of  the  metals  back  to  their  various 
sources  and  the  verification,  by  comparison  and  analysis,  of  the  necessarily  varying 
results  obtained  by  different  lines  of  investigation.  More  than  that,  its  object  is  to 
gather  at  the  same  time  such  geological  data  as  will  enable  the  geologists  in  charge 
of  the  respective  branches  of  the  work  to  prepare  an  annual  review  of  the  produc- 
tion and  prospects  of  the  different  metals  in  their  geological  as  well  as  their  tech- 
nical and  commercial  relations,  and  thus  to  provide  data  for  an  intelligent  forecast 
of  the  progzees  of  the  industries  involved  and  of  the  direction  it  is  likely  to  tak^, 


20         0ONTBIBUTION8   TO   ECONOMIC   GEOLOGY,   1907,  PABT   I. 

A  disposition  has  been  noted  in  some  technical  journals  to  criticise 
the  diversion  of  geologic  work  in  this  direction.  This  criticism  would 
doubtless  be  justified  if  the  investigation  of  metalliferous  deposits 
should  permanently  suffer  as  a  consequence  of  this  diversion  of  geo 
logic  work,  but  it  should  not  be  forgotten  that  the  starting  of  this 
undertaking  involved  considerable  labor,  which  will  be  rapidly  less- 
ened, so  far  as  the  geologist  in  charge  is  concerned,  when,  after 
acquainting  himself  fully  with  the  field,  he  can  turn  over  a  large  part 
of  the  detailed  work  to  other  men.  He  will  retain  the  supervision  and 
the  reviewing,  and  this  connection  with  practical  work  in  his  branch, 
far  from  being  a  detriment,*will  enable  him  to  obtain  a  much  better 
knowledge  of  the  resources  of  the  nation;  and,  moreover,  the  data 
collected,  if  intelligently  handled,  will  allow  him  to  draw  many  im- 
portant geologic  conclusions. 

The  following  notes  summarize  the  geologic  work  by  members  of 
the  Survey  in  1907,  so  far  as  the  metalliferous  deposits,  except  iron, 
are  concerned : 

ARIZONA. 

In  Mohave  County,  Ariz.,  F.  C.  Schrader  completed  in  February, 
1907,  a  three  months'  reconnaissance  of  the  important  deposits  in  the 
vicinity  of  Chloride  and  those  in  the  ranges  bordering  Colorado  River. 
A  brief  review  of  this  investigation  is  contained  in  this  bulletin. 

CALIFORNIA. 

In  California  L.  C.  Graton,  aided  by  B.  S.  Butler,  completed  during 
the  last  three  months  of  the  year  a  detailed  study  of  the  copper  depos- 
its of  Shasta  County,  which  have  gained  tremendously  in  importance 
during  the  last  few  years,  and  near  which  new  reduction  plants  of  great 
magnitude  have  recently  been  constructed.  The  field  season  was 
devoted  to  the  study  of  the  pyritic  deposits  on  the  western  side  of 
Sacramento  River. 

COLORADO. 

In  the  northern  part  of  Colorado  H.  S.  Gale  examined  extensive 
deposits  of  gold-bearing  gravels,  an  account  of  which  may  be  found 
in  this  bulletin.  This  work  was  done  in  connection  with  the  study  of 
coals  in  this  region. 

In  the  central  part  of  Colorado  the  writer  devoted  two  weeks  to  the 
study  of  certain  copper  deposits,  most  of  them  of  pre-Cambrian  age, 
of  which  an  account  is  also  given  in  the  following  pages.  The  locali- 
ties studied  are  in  Chaffee,  Fremont,  and  Jefferson  counties. 
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MONTANA. 

W.  H.  Emmons  completed  in  August  and  September  the  examina- 
tion of  the  precious-metal  deposits  in  the  Phillipsburg  quadrangle, 
Montana.  On  his  return  he  spent  two  weeks  in  a  reconnaissance  of 
the  gold-bearing  districts  of  the  Little  Rocky  Mountains.  A  brief 
report  on  these  districts  is  contained  in  this  bulletin. 

IDAHO. 

Little  work  has  been  done  in  Idaho  during  1907.  F.  B.  Weeks  and 
V.  C.  Heikes  spent  a  few  days  in  the  Fort  Hall  mining  district,  near 
Pocatello,  and  have  prepared  a  paper  on  the  occurrences  in  this  region, 
which  will  be  found  in  the  following  pages. 

NEW  MEXICO/ 

No  geologic  work  was  done  in  New  Mexico  in  connection  with  metal- 
liferous deposits.  A  topographic  map  of  the  Silver  City  quadrangle, 
which  includes  the  long  known  gold  and  silver  veins  of  Pinos  Altos 
and  the  recently  developed  copper  deposits  of  the  Burro  Mountains, 
has  been  prepared  during  the  year. 

NEVADA. 

No  extensive  work  was  accomplished  in  Nevada  during  1907.  In 
the  fall  F.  B.  Weeks  visited  the  gold  and  tungsten  veins  in  the  vicinity 
of  Osceola,  and  has  prepared  a  paper  on  these  occurrences  for  the 
present  bulletin. 

Owing  to  ill  health,  F.  L.  Ransome  was  unable  to  visit  Goldfield  in 
order  to  gather  the  data  of  the  latest  developments  in  that  camp  for 
his  forthcoming  professional  paper.  A  topographic  map  of  the  region 
extending  northward  from  Tonopah,  embmcing  1°  of  latitude  by  1° 
of  longitude,  was  prepared  by  the  topographic  branch. 

OREGON. 

J.  S.  Diller  and  G.  F.  Kay  investigated  the  gold  veins  and  placers 
of  the  Riddles  quadrangle,  in  southwestern  Oregon,  in  connection 
with  the  general  geologic  mapping.  A  summary  of  the  mining  devel- 
opments in  that  area  has  been  prepared  for  the  present  bulletin. 

MISSISSIPPI  VALLEY  STATES. 

In  the  early  part  of  the  year  C.  E.  Siebenthal  completed  the  field 
work  in  the  Wyandotte  quadrangle,  Oklahoma-Missouri,  and  studied, 
in  connection  with  the  general  geology,  the  lead  and  zinc  deposits 
occurring  in  that  area. 

In  November  F.  L.  Hess  devoted  a  week  to  a  reconnaissance  of 
some  interesting  veins  of  antimony  ore  in  Arkansas,  a  report  on  which 
is  contained  in  this  bulletin. 
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APPALACHIAN  STATES. 

In  the  Southern  Appalachian  States  Arthur  Keith  completed  the 
mapping  of  the  Dahlonega  special  area,  Georgia,  which  will  form  the 
basis  for  a  report  on  the  important  gold  mines  of  this  vicinity. 

D.  B.  Sterrett  investigated  the  gold-bearing  gravels. of  the  Morgan- 
ton  quadrangle,  North  Carolina,  in  connection  with  the  general  geo- 
logic mapping. 

In  November,  1907,  H.  D.  McCaskey  undertook  a  reconnaissance  of 
the  gold  deposits  in  Alabama,  concerning  which  comparatively  little 
authentic  information  has  been  available.  The  veins  are  in  the  main 
similar  to  those  of  Georgia  and  North  Carolina.  A  preliminary  note 
describing  these  occurrences  will  be  found  in  the  pages  of  this 
bulletin. 

A  brief  reconnaissance  of  the  molybdenum  deposits  of  Maine  was 
made  by  F.  L.  Hess,  who  gives  an  account  of  them  in  this  bulletin. 


GOLD  AND  SILVER. 


A  GEOLOGICAL  ANALYSIS  OF  THE  SILVER  PRODUC- 
TION OF  THE  UNITED  STATES  IN  1906. 


By  Waldemar  Lindgren. 


THE  PRODUCTION  OF  SIIiVER. 

Previous  to  1860  the  production  of  silver  in  the  United  States  was 
ahnost  nominal,  the  yearly  output,  according  to  the  tables  of  the 
Director  of  the  Mint,  reaching  a  maximum  of  only  38,500  fine  ounces 
per  annum.  In  1859  the  output  rose  to  116,000  ounces.  In  1861  the 
figure  given  is  1,546,900  fine  ounces,  and  thereafter  the  increase  was 
rapid,  owing  to  the  new  discoveries  in  Nevada  and  Colorado.  For 
1876  the  figures  had  almost  reached  30,000,000  ounces.  The  silver 
from  the  exceptionally  rich  ores  near  the  croppings  of  the  newly  dis- 
covered deposits  poured  into  the  mints  and  refining  works.  It  was 
the  time  of  the  bonanzas  at  Virginia  City,  Reese  River,  White  Pine, 
and  Eureka,  in  Nevada;  the  Silver  King,  in  Arizona;  the  Lake 
Valley  mines,  in  New  Mexico,  and  the  Drumlummon  and  Bimetallic 
mines,  in  Montana.  From  1876  to  1892  the  production  kept  on  in- 
creasing, and  in  the  latter  year  attained  the  maximum  recorded, 
63,500,000  fine  ounces.  The  silver  derived  as  a  by-product  from 
copper  and  lead  smelting  began  to  add  its  quota  to  that  from  the 
silver  mills,  and  so  even  in  the  face  of  a  declining  tendency  of 
the  silver  market  the  output  of  silver  increased.  The  serious  decline 
in  the  price  of  silver  began  about  1875,  when  the  average  price  re- 
ceded to  $1.24  per  ounce.  For  many  years  previous — in  fact,  as  far 
back  as  1833 — ^the  price  had  hardly  ever  fallen  below  $1.30  per  ounce. 
From  1875  to  1892  the  decline  was  practically  continuous,  and  in  that 
year  of  maximum  production  the  price  fell  to  87  cents  per  ounce. 
The  low  price  now  began  seriously  to  affect  mining  and  operations 
had  to  be  abandoned  in  many  camps.  Naturally  the  silver  ores — ^that 
is,  those  which  contained  no  base  metals  and  but  little  gold — ^were 
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affected  by  this  condition  first,  and  the  result  was  the  decadence  of 
the  old  silver  milling  camps  where  the  pan -amalgamation  process 
was  the  principal  method  of  reduction.  On  the  other  hand,  a  large 
portion  of  the  silver  was  now  obtained  as  a  by-product  of  lead  and 
copper  ores.  The  decline  from  the  greatest  production  in  1892  cov- 
ered only  two  years.  In  1894,  49,600,000  fine  ounces  were  mined,  but 
the  very  next  year  the  production  rose  to  nearly  56,000,000  ounces. 
Since  that  time  it  has  remained  approximately  steady,  the  yield  in 
fine  ounces  for  the  last  three  years  having  been  as  follows  r  1904,  57,- 
682,800;  1905,  56,101,600;  1906,  56,517,900.  Meanwhile  the  price  of 
silver  steadily  went  down  to  a  minimum  of  approximately  63  cents 
as  an  average  for  the  year  1902,  since  which  time  it  has  again  gradu- 
ally risen  to  67  cents  per  ounce  as  an  average  for  1906.  The  great 
reduction  in  price  has  found  but  little  expression  in  the  quantity 
annually  recovered,  and,  as  already  emphasized,  this  is  due  to  the 
steadying  tendency  of  the  precious  metal  obtained  from  the  copper 
and  lead  smelters. 

GEOIiOGICAIi  CONDITIONS. 

The  silver  ores  of  the  United  States  are  of  many  different  types 
and  are  derived  from  deposits  in  many  formations. 

It  is  well  known  that  no  silver-bearing  veins  exist  which  are  the 
exact  counterpart  of  the  gold-quartz  veins  containing  native  gold. 
Native  silver  is  almost  invariably  due  to  oxidizing  surface  processes 
acting  on  primary  argentiferous  sulphides.  One  class  of  silver- 
bearing  veins,  of  which  many  examples  may  be  found  in  Montana, 
Idaho,  and  other  States,  is  contained  in  granitic  rocks  or  is  ac- 
companied by  porphyries  consolidated  at  considerable  depth.  The 
normal  gangue  is  white  massive  quartz  through  which  the  sulphides 
are  sparsely  disseminated.  Such  veins  are  apt  to  be  rich  near  the 
surface,  where  secondary  sulphides  and  sulphantimonites  have 
formed,  but  generally  they  are  disappointing  below  the  water  level, 
where  the  primary  ore  is  reached.  Others  of  similar  type,  exempli- 
fied by  certain  veins  in  Clear  Creek  County,  Colo.,  contain  more 
abundant  sulphides,  among  which  galena  generally  predominates, 
and  may  be  successfully  worked  by  concentration  even  below  the  sur- 
face zone  of  enrichment. 

Another  class  of  silver  veins  cut  through  volcanic  flows  which 
have  consolidated  at  or  near  the  surface,  and  it  can  be  satisfactorily 
proved  that  many  of  these  veins  themselves  were  formed  at  Yeij 
moderate  depths.  The  gangue  is  here  also  prevailingly  quartzose, 
but  usually  very  fine  grained,  chalcedonic,  and  drusy,  and  in  many 
places  it  contains  adularia.  The  quartz  is  characterized  by  primary 
argentite  accompanied  by  very  small  amounts  of  lead,  zinc,  and 
copper  sulphides.    In  dry  climates  oxidation  and  the  secondary  dep- 
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osition  of  sulphantimonites  have  enriched  the  upper  parts  to  an 
extraordinary  degree.  Illustrations  of  this  are  found  in  the  Tonopah 
and  Comstock  ores  of  Nevada,  the  MogoUon  ores  of  New  Mexico, 
and  the  Silver  City  ores  of  Idaho. 

A  third  class  of  silver  deposits  are  found  in  limestones  and  here 
generally  in  connection  with  intrusive  rocks — ^granite,  diorite,  monzo- 
nite,  or  other  porphyries.  Almost  without  exception  these  ores  con- 
tain lead,  and  usually  also  copper  and  zinc,  and  in  their  primary 
forms  the  value  of  the  base  metals  generally  exceeds  that  of  the  silver. 
Both  quartz  and  calcite  appear  in  the  gangue.  Secondary  silver 
sulphides  or  sulphantimonites  are  less  common  in  these  ores  near 
the  surface,  but  native  silver  and  especially  horn  silver  (cerargyrite) 
form  abundantly.  A  mechanical  enrichment  by  the  solution  of  the 
limestone  aids  the  ordinary  concentration  by  oxidation,  and  thus 
the  upper  parts  of  many  such  deposits  are  extremely  rich,  as  exempli- 
fied at  Leadville  and  Lake  Valley.  Oxidized  iron  and  manganese 
ores,  almost  free  from  lead  but  containing  silver,  are  among  the  end 
products  of  the  oxidation  of  these  deposits. 

Very  likely  it  will  be  found  that  the  three  classes  of  ores  mentioned 
are  simply  diverse  products  of  the  same  vein-forming  action,  their 
characteristics  being  dependent  on  the  depth  below  the  surface  and 
varying  physical  conditions,  or  on  the  character  of  the  rock  affected. 
The  exposure  of  the  veins  deposited  at  deeper  levels  requires,  however, 
long  erosion,  and  it  will  usually  be  found  that  these  deep-seated 
veins  were  formed  at  an  earlier  period  than  those  breaking  up 
through  volcanic  surface  flows.  The  Leadville  deposits  are  probably 
older  than  those  of  Silver  Cliff  or  those  of  the  Mogollon  district. 
They  were  probably  deposited  during  the  early  Tertiary,  whereas 
the  silver  ores  from  the  two  localities  last  mentioned  are  more  likely 
to  belong  to  the  latter  part  of  the  same  period. 

Our  knowledge  of  the  individual  districts  is  as  yet  imperfect,  but 
we  are  rapidly  approaching  a  stage  where  we  are  justified  in  attempt- 
ing a  classification  of  the  ores  on  the  basis  of  geological  occurrence. 
Even  now  it  may  be  done  in  a  tentative  way,  for  the  more  important 
districts  are  fairly  well  known. 

CliASSIFICATION  OF  ORES. 

A  consistent  classification  of  ores  presents  great  difficulties  from 
whatever  standpoint  it  may  be  undertaken.  This  is  only  natural,  as 
there  are  gradations  between  any  ores  that  may  be  selected  as  types. 
Nevertheless  it  is  possible  to  arrange  them  in  certain  groups,  and  such 
a  classification  has  been  undertaken  in  the  chapter  on  gold  and  silver 
in  the  annual  volume  "  Mineral  Resources  of  the  United  States " 
issued  by  the  Geological  Survey.  The  basis  for  the  classification  is 
really  metallurgical.    The  silver  product  is  divided  ac^ot^ciXL^  \ft  SXs. 
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derivation  from  placers,  dry  or  siliceous  ores,  copper  ores,  lead  ores, 
zinc  ores,  and  mixed  ores.  The  small  amount  of  silver  contained  in 
placer  gold  is  relatively  insignificant.  As  copper  ores  are  desig- 
nated those  which  contain  2i  per  cent  or  more  of  copper,  equivalent 
to  50  pounds  per  short  ton.  The  ores  containing  over  4rJ  per  cent 
of  lead,  or  90  pounds  per  ton,  are  called  lead  ores.  The  dry  or 
siliceous  ores  comprise  all  of  those  which  contain  only  small  amounts 
of  copper,  lead,  or  zinc  or  which  do  not  contain  these  metals  at  all. 
In  the  main  they  are  siliceous  ores  containing  only  gold  and  silver, 
although  necessarily  included  with  them  are  small  amounts  of  ores 
containing  chiefly  iron  pyrite  or  else  oxidized  ores  rich  in  hematite, 
limonite,  or  oxides  of  manganese. 

In  the  mines  report  on  the  production  of  gold  and  silver  in  1906 
the  division  of  the  silver  product  is  as  follows: 

Sources  of  silver  product  in  United  States,  1906. 

Fine  ounces. 

Placers ^        171, 058 

Dry  or  siliceous  ores 16,792,799 

Copper  ores 15,880,870 

Lead  ores 15,328,653 

Zinc  ores 98, 423 

Mixed  sulphide  ores -9,090,650 

57,  362,  453 

From  the  standpoint  of  tonnage  of  gold  and  silver  ores  the  product 
of  the  Cordilleran  States,  the  southern  Appalachians,  and  Alaska  in 
1906  is  divided  as  follows : 

Classification  of  gold  and  silver  ores  produced  in  deep  mines  in  United  States, 

1906. 

Short  tons. 

Dry  or  siliceous  ores 9,230,616 

Copper  ores 10,483,308 

Lead  ores 2, 270, 822 

Zinc  ores 68,296 

Mixed  sulphide  ores 1,183,785 

23,  236, 827 

About  30  per  cent  of  the  total  silver  production  is  thus  derived 
from  dry  or  siliceous  ores  and  these  ores  constitute  about  39  per  cent 
of  the  total  tonnage  of  the  deep  mines. 

THE  SIIiVER-BASF.  METAIj  ORES. 

It  is  first  to  be  considered  that  there  is  a  certain  quantity  of  silver 
ore  among  the  copper,  lead,  zinc,  and  mixed  ores.  If  we  define  silver 
ores  as  those  which  contain  not  more  than  3  ounces  of  gold  per  100 
ounces  of  silver  or  in  which  the  value  of  the  silver  (at  the  present 
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prices)  is  equal  to  or  greater  than  the  combined  value  of  the  other 
metals  utilized  in  the  ore,  the  following  table  (No.  1)  can  be  con- 
structed from  the  individual  returns.  In  the  compilation  of  this  and 
the  following  tables  I  have  had  the  assistance  of  Mr.  James  M.  Hill. 

Table  1. — Tonnage  and  metallic  prodticta,  by  States  m  the  United  States,  in 
1906,  of  ores  classed  as  copper,  lead,  zinc,  and  mixed  ores,  in  which  silver 
predominates  in  value. 


state. 

Ore. 

silver. 

Gtold. 

Oopper. 

Lead. 

Zinc. 

Aflmnt^     ,.     ...„.._.  . . 

Short  tons, 

198 

450 

178.809 

49.421 

22.743 

8,943 

94.968 

Ounces, 

24.881 
84.080 
3.462.654 
215.736 
631,335 
253,784 
2.757.094 

$174 

1.800 

886.786 

960 

66.427 

17.568 

234.719 

Pounds, 
8.B44 

"iliwreoz" 

5.818 

846.262 

42.670 

1,116.898 

Pounds. 

1.221 

148.860 

16.087.819 

1.803.401 

1.216.969 

1.168.426 

13,149.471 

Pounds, 

0*l1f"m<<i ....  . 

206,000 

Ortorado 

Idaho    

Montana 

4.868.362 
10.399 

Nevada 

Utah...      .....    

492 

350.632 

7.379.514 

657.423 

3,084.009 

33.620.567 

5,085.258 

Of  the  great  output  of  copper,  lead,  zinc,  and  mixed  ores,  approxi- 
mating 14,000,000  tons,  only  350,532  tons  can  be  properly  classed  as 
silver  ores.  These  are  derived  from  134  mines  in  seven  States.  Out 
of  about  41,000,000  fine  ounces  of  silver  from  such  copper,  lead,  zinc, 
and  mixed  ores  only  7,379,514  ounces,  or  about  one-sixth,  were  derived 
from  silver  ores  which  average  about  21  ounces  of  silver,  $1.88  in 
gold,  8.6  pounds  of  copper,  94  pounds  of  lead,  and  14  pounds  of  zint 
per  ton. 

It  is  seen  at  a  glance  that  the  only  two  really  important  States,  so 
far  as  these  ores  are  concerned,  are  Colorado  and  Utah. 

The  product  of  Arizona  is  derived  from  imperfectly  known  dis- 
tricts in  Gila,  Mohave,  and  Santa  Cruz  counties,  and  in  part  probably 
represents  oxidized  and  enriched  ores.  The  product  of  California, 
likewise  small,  comes  from  Inyo  and  Orange  counties. 

Colorado  yields  about  one-half  of  this  class  of  ores,  and  they  con- 
tain on  an  average  nearly  $10  in  gold  per  100  ounces  of  silver.  Re- 
placement deposits  of  deep-seated  type  in  limestone  of  Leadville  and 
Aspen  produce  1,632,000  ounces,  or  about  one-half  of  the  Colorado 
total.  A  smaller  part  of  this  consists  of  oxidized  ores.  Fissure  veins 
in  various  older  rocks,  principally  deposits  connected  with  intrusive 
rocks  in  Summit,  Park,  Gunnison,  and  Clear  Creek  counties,  con- 
tribute 438,000  ounces.  Clear  Creek  County  alone  yields  280,000 
ounces  mainly  from  sulphide  ores,  a  small  part  of  which  were  enriched 
by  secondary  sulphides.  Fissure  veins  in  volcanic  flows  or  in  close 
connection  with  them  add  1,408,000  ounces  to  the  total,  and  ores  of 
this  kind  were  confined  almost  exclusively  to  the  San  Juan  country. 

Idaho  has  only  the  small  production  of  215,736  ounces,  which  is 
derived  fcom  galena*tetrahedrite  veins  of  the  Wood  River  di^tYkK* 
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and  from  the  Gold  Hunter  mine  in  the  CcBur  d'Alene  district.  The 
Wood  River  veins  cut  through  limestone;  the  Gold  Hunter  deposit 
occurs  in  quartzite.  Both  belong  to  the  comparatively  deep-seated 
type. 

In  Montana  631,335  ounces  of  silver  are  produced  from  ores  of  this 
type,  and  all  of  them  are  lead  ores.  Practically  all  these  ores  occur 
in  fissure  veins  in  or  about  the  contacts  of  intrusive  quartz-monzonite 
stocks,  and  a  few  of  the  deposits  are  contained  in  limestone.  Silver- 
bow  County  (Butte)  adds  367,000  ounces  and  the  remainder  is  dis- 
tributed through  Beaverhead,  Cascade  (Neihart),  Granite,  J^erson, 
and  Lewis  and  Clark  counties. 

Few  lead  ores  rich  in  silver  are  mined  now  in  Nevada,  although 
formerly  large  quantities  were  obtained,  chiefly  from  the  Eureka  dis- 
trict. In  1906  Nevada  contributed  only  253,784  ounces,  which  were 
principally  divided  between  the  Lone  Mountain  district  in  Esmeralda 
County,  the  Eureka  and  Cortez  districts  in  Eureka  County,  the  Reese 
River  and  Bullion  districts  in  Lander  County,  and  the  Hunter  and 
Newark  districts  in  White  Pine  County.  So  far  as  known  most  of 
the  deposits  belong  to  the  older  series  associated  with  intrusive  gran- 
itic and  porphyritic  rocks.  Many  of  them,  as  for  instance  those  of 
White  Pine  and  Eureka,  are  replacement  deposits  in  limestone; 
others,  as  for  instance  those  of  Reese  River,  are  normal  fissure  veins 
cutting  through  granitic  rocks. 

Utah  contributes  2,757,094  ounces,  or  almost  as  much  as  Colorado. 
Practically  the  whole  output  is  divided  between  Tintic  and  Park 
City,  being  derived  from  replacement  deposits  in  limestone  associated 
with  intrusive  rocks.  Tintic  yields  2,200,000  ounces  with  copper  as 
well  as  lead,  and  Park  City  furnishes  the  remainder. 

In  conclusion,  it  appears  that  of  about  7,400,000  ounces  derived 
from  lead  ores  rich  in  silver  4,600,000  ounces  are  obtained  from  re- 
placement deposits  in  limestone;  1,323,000  ounces  from  fissure  veins 
in  various  rocks,  standing  in  close  connection  with  intrusive  rocks; 
and  finally  1,408,000  ounces  from  fissure  veins  in  Tertiary  lava  flows. 

THE  SIIilCEOUS  811. VER  ORES. 

GENERAL  STATEMENT. 

Next  comes  the  question  how  much  of  the  9,000,000  tons  of  dry  or 
siliceous  ores,  containing  about  17,000,000  ounces  of  silver,  is  derived 
from  ores  which  can  be  classed  as  silver  ores.  Dry  or  siliceous  silver 
ores  may  be  rather  arbitrarily  defined  as  those  in  which  the  value  of 
the  silver  is  equal  to  or  greater  than  that  of  the  gold,  and  in  which 
copper  and  lead  are  below  2^  per  cent  and  4i  per  cent,  respectively. 
In  other  words,  on  the  basis  of  62  cents  per  ounce  the  ore  contains  at 
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least  100  ounces  of  silver  to  3  ounces  of  gold.    The  classification  of 
the  Mtems  results  in  the  following  table: 

Table  2. — Tonnage  and  metallic  products,  hy  States  in  the  United  States,  in 
1906,  of  ores  ciassed  as  dry  or  siliceous  in  which  the  proportion  of  gold  to 
silver  hy  tceight  is  3  :  100  or  less. 


state. 

Ores. 

Sflver. 

Gold. 

-Lead. 

Oopper. 

Arizona 

Oallfomia 

Short  tons. 

180,160 

4,845 

260,891 

36.526 

30.399 

124.451 

19,906 

4 

600 

22.751 

14.866 

161 

Ounces, 

1.147.089 

104.055 

2,438.202 

809.814 

843.434 

6,080.318 

809.776 

111 

3.600 

292.647 

131.051 

6.419 

1253,139 
7,200 
88,067 
&5.727 
105.789 
1,401,248 
128,762 

Pounds. 
2,119,165 

Pounds. 
725 

Colorado 

8,412.963 

920.269 

553,188 

5.725 

11,597 

61,001 

Idaho 

Montana - — 

Nevada 

New  Mexico _ 

Ore8:on _ 

Sonth Dakota  - .    _..,.,.-    - 

3.600 
3.699 
1.399 

9.000 

TVjxaff     - -   . .-... _.. 

Utah-                   

Washington __ 

4,684 
20 

188,987 

8.457 

695,560 

12,166.516 

2,074.656 

7.220.844 

79.481 

From  this  table  it  will  be  seen  that  the  United  States  produced  in 
1906  only  about  700,000  tons  of  dry  or  siliceous  silver  ore,  containing 
approximately  12,000,000  ounces  of  silver,  $2,000,000,  or  roughly 
100,000  ounces,  of  gold,  about  7,000,000  pounds  of  lead,  and  80,000 
pounds  of  copper.  The  silver  ores  clearly  contain  very  little  copper 
and  three- fourths  of  this  comes  from  Colorado.  On  the  other  hand, 
much  of  the  silver  accompanies  the  lead.  Another  point  brought  out 
is  that  the  gold  contained  in  these  ores  falls  considerably  short  of  the 
proportion  established  for  the  purposes  of  this  table.  This  means,  of 
course,  that  the  ores  in  which  the  gold  and  silver  are  present  to  ap- 
proximately the  same  value,  or  in  which  the  gold  is  Only  slightly  less 
than  the  silver,  form  only  a  small  part  of  the  total  tonnage  in  the 
table.  The  proportion  shown  by  the  table  is  about  100 : 0.8  instead  of 
100:3,  as  required  by  the  rule  laid  down  above.  The  silver  ore  is 
derived  from  12  States,  being  produced  at  219  mines  in  103  mining 
districts.  The  average  content  is  about  19  ounces  of  silver  and  $1.86 
in  gold  per  ton.  In  the  number  of  mines  as  well  as  in  the  tonnage 
Colorado  easily  leads.  In  the  quantity  of  silver  produced,  however, 
Nevada  occupies  the  first  rank,  and  in  fact  contributes  more  than  half 
of  the  total  production  of  silver  and  almost  three- fourths  of  the  total 
production  of  gold.  The  rank  of  the  States  in  silver  production  from 
these  ores  is  as  follows :  Nevada,  Colorado,  Arizona,  Montana,  Idaho, 
New  Mexico,  Texas,  Utah,  California,  Oregon,  Washington,  and 
South  Dakota.  The  only  States  of  importance  which  produce  silver 
ore  without  any  yield  of  lead  or  copper  are  California,  Oregon,  Wash- 
ington, and  Texas.  In  the  case  of  Texas  this  is  not  strictly  true,  as 
the  tailings  from  the  Shatter  mine  contain  a  small  amount  of  galena. 
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For  further  discussion  it  will  be  desirable  to  segregate  the  items 
given  in  Table  2  into  three  classes : 

1.  The  ores  which  contain  lead  and  copper. 

2.  The  ores  which  contain  no  lead  or  copper,  and  in  which  the  pro- 
portion of  gold  to  silver  ranges  from  3 :100  to  0.5 :100  by  weight. 

3.  The  ores  which  contain  no  lead  or  copper  and  in  which  the  pro- 
portion of  gold  to  silver  is  0.5 :100  or  less  by  weight.  In  other  words, 
ores  which  contain  $10  in  gold  or  less  per  100  ounces  of  silver.  These 
ores  may  be  called  pure  silver  ores. 

THE  SILVER-LEAD-COPPER  ORES. 

The  first  class  is  summarized  in  Table  3. 

Table  3. — Tonnage  and  metallic  products,  hy  States  in  the  United  States,  in 
1906,  of  silver  ores  classed  as  dry  or  siliceous  ores,  which  contain  lead  or 
copper. 


State. 

Orp. 

snv«f. 

Gold. 

1/ead. 

Copper. 

Colorado-., ,_*-, *^ . — 

Idaho ._    _      —.       „._    . 

Short  tons. 
tie,  §21 
205,»37 

271 

1,240 

dOO 

14,791 

6^,490 
l,654,tifit 

580,205 
40,S3£ 

3,eoo 

125,«aS 

ti4§,m7 
79, see 

09 

70.«» 

1,301 

115,000 

Polindjt. 

s4ie,i(Ht 
a3,iss 

188,037 

Wontan«_,      ,      , _ 

NeTflila ^*-.-„.- _ 

New  Mexlm,„._. ... .-„„    _ 

South  Dakota    ^^-.  ^_....... ^_^—  ^ 

1.W 

XJtth. 

B,457 

330.  U7 

3,07a,50£ 

#10 » 45a 

7.230.&14 

l«.tfl 

The  insignificance  of  copper  as  a  constituent  of  silver  ores  is  again 
seen.  Colorado,  Arizona,  Montana,  and  Utah  are  here  the  most  im- 
portant States.  A  total  of  3,078,592  ounces  is  derived  from  these 
ores,  which  average  8  ounces  of  silver,  $1.30  in  gold,  and  22  pounds 
of  lead  per  ton.  The  table  in  general  comprises  the  same  kind  of 
ores  as  shown  in  Table  1,  but  with  smaller  percentages  of  lead.  The 
largest  part  of  the  Arizona  product  is  contributed  by  the  Tombstone 
mine,  working  veins  and  replacements  in  limestone,  quartzite,  and 
shale  near  bodies  of  intrusive  rocks. 

In  Colorado  ores  of  this  type  may  again  be  separated  into  three 
classes.  Replacement  deposits  in  limestone  and  quartzite,  some  from 
Leadville,  but  the  majority  from  Aspen,  aggregate  540,000  ounces. 
Fissure  veins  connected  with  intrusive  rocks  yield  130,000  ounces, 
chiefly  from  Clear  Creek,  but  also  from  Park,  Gunnison,  and  other 
counties.  The  fissure  veins  contained  in  volcanic  surface  flows  yield 
900,000  ounces,  and  these  ores  are  derived  chiefly  from  Mineral 
County  (Creede),  but  also  from  San  Miguel,  Custer,  Hinsdale, 
Ouray,  and  San  Juan  counties — all,  with  the  exception  of  Custer,  in 
the  southwestern  part  of  the  State.  For  Idaho  is  recorded  19,000 
ounces,  from  the  replacement  veins  in  limestone  of  the  Wood  River 
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region.  Montana  contributes  620,000  ounces,  practically  all  from 
older  fissure  veins  in  Cascade,  Granite,  Jefferson,  and  Madison  coun- 
ties. A  small  quantity,  nearly  41,000  ounces,  comes  from  the  Reese 
River  and  Columbus  districts  in  Nevada,  presumably  from  older 
fissure  veins.  New  Mexico  adds  21,000  ounces  from  similar  deposits 
in  Luna  and  Dona  Ana  counties.  Utah  produces  about  126,000 
ounces  from  replacement  deposits  in  limestone  at  Tintic  and  Park 
City. 

To  sum  up,  the  silver  ores  containing  a  little  lead  (or  copper)  are 
derived  approximately  as  follows: 

Sources  of  sUver-lead-copper  ores  in  the  United  States,  1906. 

Ounces. 

1.  Replacement  deposits  in  limestone 1, 305, 000 

2.  Fissure  veins,  connected  with  intrusive  rocks   (not 

always  to  be  separated  strictly  from  No.  1) 712,000 

3.  Fissure  veins  in  Tertiary  volcanic  surface  flows 900, 000 

2, 917, 000 
The  small  balance  is  from  deposits  of  unknown  character. 

THE  SILVER-GOLD  ORES. 

The  second  class  of  ores  is  summarized  in  Table  4,  which  shows 
that  about  7,500,000  ounces  of  silver  and  over  $1,500,000  in  gold 
are  obtained  from  dry  or  siliceous  silver  ores  without  reported  lead 
or  copper  and  with  gold  ranging  from  0.5  to  3  ounces  per  100  ounces 
of  silver.  This  ore  comes  from  8  States,  being  the  output  of  50  mines 
in  22  mining  districts,  and  averages  about  28  ounces  of  silver  and  $6 
in  gold.  Compared  with  the  total  the  tonnage  of  these  ores  is  small, 
aggregating  only  about  270,000  short  tons. 

Table  4. — Tonnage  and  metallic  productSy  hy  States  in  the  United  States,  in 
1906,  of  silver  ores  classed  as  dry  or  siliceous,  containing  no  lead  or  copper  and 
from  0.5  to  S  ounces  of  gold  per  100  ounces  of  silver. 


State. 

Ore. 

Short  tons. 

104.649 

495 

17,426 

4,638 

124,029 

16,088 

85 

16 

silver. 

Gold. 

J^ffZOTk9Lmmmmmm     ....—     ............................         .-                 

Ounces. 

434.607 

16,997 

714.866 

122,111 

6,021,284 

271,767 

2.818 

90 

$100,815 

Colorado - - 

Idaho 

Montana 

Nevada 

5.676 

86,628 

24,428 

1,309,883 

New  Mexico 

Utah-. 

Washington - 

13,286 

848 

20 

267,287 

7,584,630 

1,629,976 

The  whole  production  of  Arizona  in  this  class  is  derived  from 
fissure  veins  in  volcanic  flows,  principally  rhyolite  or  dacite,  and  the 
larger  part  of  it  cOmes  from  Cochise  County.    Colorado  produces 
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only  a  very  small  amount  of  these  ores,  about  equally  divided  between 
fissure  veins  in  volcanic  flows  and  those  connected  with  intrusive  rocks. 
In  Idaho  the  whole  output  is  from  veins  connected  with  surface 
flows  of  lavas  in  Owyhee  County.  Montana  furnishes  122,000  ounces 
from  the  Butte  silver  veins,  in  granite.  By  far  the  largest  output  is 
contributed  by  Nevada,  principally  from  Tonopah,  which  is  respon- 
sible for  nearly  6,700,000  ounces;  but  similar  ores  are  also  mined  in 
the  Bullfrog  and  Fairview  districts  and  from  the  Comstock.  Smaller 
amounts  come  from  Humboldt,  Elko,  and  Lyon  counties.  All  of 
these  ores  come  from  fissure  veins  or  allied  deposits  in  Tertiary  vol- 
canic flows.  New  Mexico  yields  272,000  ounces,  from  veins  in  vol- 
canic flows,  chiefly  from  the  Mogollon  district. 

To  sum  up,  the  ores  of  this  class  appear  to  be  eminently  character- 
istic of  veins  in  Tertiary  volcanic  flows.  Practically  the  entire  out- 
put, except  insignificant  quantities  from  Colorado,  Montana,  Utah, 
and  Washington,  is  derived  from  such  deposits. 


THE  SILVER  ORES. 

The  third  class  of  the  dry  or  siliceous  silver  ores  may  be  called  the 
pure  silver  ores.  They  consist  of  those  which  contain  no  reported 
lead  or  copper  and  in  which  the  proportion  of  gold  to  silver  is  very 
small — ^less  than  0.5  ounce  of  gold  per  100  ounces  of  silver.  The  pro- 
duction of  these  ores  by  States  is  illustrated  in  Table  5. 

Table  5. — Tonnage  and  metallic  products,  hy  States  in  the  United  States,  in 
1906,  of  silver  ores  containing  no  lead  or  copper  and  less  than  0,5  ounce  of 
gold  per  ton. 


state. 

Ore. 

silver. 

Gold. 

Arizona... _ _ 

Oallfomia 

Short  tons. 

8,79Q 

4.845 

54,459 

70 

4.333 

leo 

2,578 

22.751 
40 
145 

Ounces, 

91,902 

104,055 

7M.213 

3,306 

201.118 

18.202 

16.809 

HI 

292,647 

2.60O 

6.829 

13,707 
7.200 

Colorado _.          _    . 

2.414 

10^7© 
554 
527 

Idaho-. _ 

Montana _ 

Nevada _ _ — 

New  Mexico- — 

Oregon _ 

Texas _ 

Utah - - - 

Washington - — _— 

58 

98,175 

1.508.294 

25.22S 

The  table  shows  that  only  about  1,500,000  ounces,  or  one- fortieth 
of  the  total  production,  are  derived  from  these  ores,  which  were  ex- 
tracted from  79  mines  in  50  mining  districts  and  average  only  15 
ounces  in  silver  and  25  cents  in  gold  per  ton.  Less  than  100,000  tons 
were  mined.  The  ores  are  derived  chiefly  from  Colorado,  Texas,  and 
Montana.  The  Arizona  ores  are  mixed  and  seem  to  be  largely  oxi- 
dized ores  from  veins  connected  with  intrusive  rocks,  in  the  Cerbat 
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Kange,  Mohave  C!ounty,  also  from  Globe,  and  from  mining  districts 
in  Yavapai  County.  The  California  ores  are  from  Inyo  County, 
also  from  mines  near  Calico,  San  Bernardino  County,  but  most  of 
them  are  produced  near  Amalie,  Kern  County.  About  9,000  ounces 
are  derived  from  volcanic  flows,  and  the  rest  of  the  silver  comes  from 
veins  probably  connected  with  intrusive  masses. 

The  Colorado  ores  form  a  long  list.  The  replacement  ores  in  lime- 
stone (here  largely  oxidized  ores)  from  Leadville  aggregate  114,000 
oimces ;  those  from  Aspen  57,000  ounces.  The  mixed  ores  from  veins 
genetically  connected  with  intrusive  bodies  give  58,000  ounces,  and 
veins  in  eruptive  flows  from  Silver  Cliff  and  the  San  Juan  region 
aggregate  436  ounces. 

Montana  contributes  a  little  over  200,000  ounces,  of  which  by  far 
the  greater  part  is  from  Granite  County  and  smaller  amounts  from 
Butte  and  from  districts  in  Beaverhead  and  Jefferson  counties.  The 
product  is  derived  entirely  from  veins  in  granitic  rocks  and  probably 
genetically  connected  with  these  intrusions. 

Small  amounts  only  are  derived  from  scattered  sources  in  Nevada, 
Idaho,  New  Mexico,  Oregon,  Utah,  and  Washington. 

From  oiddized  limestone  replacement  ores  in  Texas  nearly  300,000 
oiinces  are  obtained ;  these  ores  contain  some  lead,  although  it  is  not 
recovered. 

In  conclusion,  the  pure  silver  ores  are  derived  as  follows : 

Sources  of  pure  silver  ores  in  the  United  States,  1906. 

Ounces. 

Replacement  ores  in  limestone 574,000 

Fissure  veins  in  other  rocks  connected  with  intrusives__      314, 000 

Fissure  veins  in  volcanic  Tertiary  flows 466, 000 

Doubtful 149,000 


1,503,000 

A  large  part  of  these  ores  consists  of  oxidized  surface  ores.  Some 
of  them  are  oxidized  iron  ores  from  the  upper  part  of  the  deposits 
and  really  mined  as  flux.  In  earlier  years  this  class  of  oxidized  silver 
ores  was  far  larger  than  it  is  at  present. 

SUMMARY  AND  CONCIiU8ION8. 

The  total  production  of  silver  in  1906  according  to  the  mines  report 
was  57,362,455  fine  ounces.  Of  this  amount,  40,398,596  fine  ounces 
were  recovered  from  lead,  copper,  or  zinc  ores,  and  16,792,799  fine 
ounces  from  dry  or  siliceous  ores. 

The  copper,  lead,  or  zinc  ores  furnished,  from  ores  with  predomi- 
nating silver  value,  containing  3  ounces  or  less  of  gold  per  100  ounces 
of  silver  and  more  than  4^  per  cent  of  lead  or  2^  per  cent  of  copper, 
7^79,514  fine  oimces. 

47070— BtiU.  840-05 8 
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The  yield  from  siliceous  ores  can  be  subdivided  as  follows: 
Classification  of  silver  produced  from  siliceous  ores  in  the  United  States,  1906, 

Fine  ounces. 
From  ores  containing  lead  or  copper,  having  3  ounces  or  less  of  gold 

per  100  ounces  of  silver,  and  less  than  4i  per  cent  of  lead  or  2\ 

per  cent  of  copper 3, 078,  502 

From  ores  with  no  recovered  lead  or  copper ;  gold  in  the  proportion 

of  3  ounces  to  one-half  ounce  of  gold  per  100  ounces  of  silver 7, 584, 630 

From  ores  with  no  recovered  lead  or  copper ;  gold  in  the  proportion 

of  one-half  ounce  or  less  per  100  ounces  of  silver 1, 503, 294 


Total  silver  from  dry  or  siliceous  silver  ores 12,166,516 

Total  silver  from  dry  or  siliceous  gold  ores 4, 626, 283 


16,792,790 


The  total  silver  from  all  kinds  of  ores  with  predominating  silver 
value  is  as  follows : 

Production  of  silver  from  all  kinds  of  silver  ores  in  the  United  States,  1906,  by 

States, 


Fine  ounces. 

Arizona 1, 171, 970 

California 138, 085 

Colorado 5, 900,  856 

Idaho 1,025,550 

Montana 1, 474,  769 

Nevada—, 6, 334, 102 

New  Mexico 309,  776 


Fine  ounces. 

Oregon 111 

South  Dakota 3,600 

Texas 292, 647 

Utah 2,  888, 145 

Washington   6,419 


19,  546,030 


The  total  tonnage  of  these  silver  ores  is  1,046,092  short  tons. 

As  shown  by  the  foregoing  statement,  nearly  one-third  of  the 
whole  silver  production  is  derived  from  ores  properly  to  be  classified 
as  silver  ores,  although  about  one-half  of  these  probably  could  not 
be  profitably  mined  if  no  other  metals  were  present. 

From  a  geological  standpoint  the  ores  may  be  classified  as  follows: 

Geological  classification  of  silver  derived  from  various  ores  in  the  United  States, 

1906, 

[PJne  ounces.] 


Type  of  deposit. 

silver  ores 

with  much 

lead  and 

copper. 

Silver  ores 

with  little 

lead  or   , 

copper. 

S  Over-gold 
ores. 

Silver  ores. 

Total. 

Prom   replacement   deposits   In   lime- 
stone and  shale  genetically  connected 
with  intnisives 

Prom  Assure  veins  In  various  rocks 
genetically  connected  with  intrusives— 

Prom  fissure  veins  In  Tertiary  vol- 
canic flows...... - 

4,600,000 
1,323,000 
1,408,000 

1,305,000 
712,000 
900,000 

314,000 
7.500,000 

674.000         6.479.000 

'      2.849,000 

469,000  1    10,274,000 

7,331,000 

2,917,000 

7,814,000 

1,040.000 

19.102.000 

This  leaves  a  balance  from  deposits  of  unknown  character  of  about 
444,000  ounces. 


ANALYSIS  OF  SILVER  PRODUCTION   OF  U.  S.  IN  1906.  35 

The  facts  cited  above  bring  out  prominently  the  well-known  affinity 
of  silver  for  lead  and  quite  as  markedly  the  slight  degree  in  which 
copper  and  zinc  are  associated  with  the  silver  ores  properly  so  called. 
They  also  emphasize  the  selective  action  of  limestone  in  the  precipi- 
tation of  silver-lead  compounds. 

The  relative  quantities  in  the  last  table  apply  of  course  only  to 
present  conditions.  During  the  early  days  of  silver  mining  the  pure 
silver  ores  of  the  oxidized  zones  greatly  prevailed.  Nor  do  the 
figures  give  the  precise  relation  of  the  absolute  supply  of  silver  ores 
in  nature.  The  limestone  ores  carrying  silver  and  lead  are  sought 
after  by  the  smelters.  On  the  other  hand,  there  is  a  large  supply 
of  low-grade  siliceous  silver  ores  for  which  at  present  no  great 
demand  exists.  Although  free-milling  quartzose  ores  containing  $5 
of  gold  per  ton  may  be  mined  and  reduced  economically,  a  correspond- 
ing grade  of  siliceous  silver  ore  with  sulphides  would,  as  a  rule,  be 
unprofitable,  for  if  wet  milling  processes  were  adopted  the  necessary 
roasting  and  heavy  loss  would  render  the  operation  too  expensive, 
and,  on  the  other  hand,  the  smelter  charges  would  probably  not  be 
less  than  $5  or  $7  per  ton  on  such  material.  Only  in  the  pyritic 
smelting  process  and  for  converter  lining  could  such  ores  ordinarily 
be  used. 

On  further  tentative  generalization  it  seems  that  the  copper  ores, 
which  ordinarily  contain  very  small  amounts  of  silver,  tend  to  deposit 
under  conditions  of  high  temperature  and  pressure.  The  greater 
part  of  the  lead-silver  ores,  which  occur  in  deposits  genetically  con- 
nected with  intrusive  granitic  or  porphyritic  rocks,  have  probably 
been  deposited  under  conditions  of  moderate  temperature  and  pres- 
sure. The  major  part  of  the  silver-gold  ores,  which  contain  little  or 
no  lead  or  copper,  occur  in  fissure  veins  cutting  through  lava  flows  of 
Tertiary  age  (rhyolites,  dacites,  or  andesites).  They  have  been  de- 
posited comparatively  near  the  surface  and  under  conditions  of  still 
lower  temperature  and  pressure,  though  probably  never  much  below 
the  temperature  of  boiling  water. 

These  ores  in  Tertiary  lavas  yielded  in  1906  10,274,000  ounces  of 
silver,  or  more  than  half  of  the  total  silver  from  silver  ores.  In  only 
a  small  part  of  them,  chiefly  from  the  San  Juan  region,  is  the  silver 
associated  with  notable  amounts  of  copper  and  lead. 

Conditions  in  the  Cordilleran  province  indicate  that  there  is  some 
foundation  for  the  belief  that  the  maximum  precipitation  of  metals 
in  ascending  thermal  waters  occurs  in  the  following  order :  Copper, 
zinc,  lead,  silver.  The  precipitation  of  copper  takes  place  most  easily 
at  lower  depths.  The  precipitation  of  silver  is  most  abundant  near 
the  surface.  Gold  is  freely  deposited  under  widely  varying  condi- 
tions, though  most  abundantly  near  the  surface. 
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By  H.  D.  McCaskey. 


rNTRODUCTION. 

During  a  hasty  reconnaissance  of  parts  of  Alabama  in  November, 
1907,  advantage  was  taken  of  visits  to  various  gold  mines,  particu- 
larly those  of  Hog  Mountain,  which  have  been  the  principal  pro- 
ducers of  the  precious  metals  in  this  State  for  several  years,  to  obtain 
some  notes  descriptive  of  the  deposits.  Although  the  treatment  is 
preliminary,  this  sketch  has  been  prepared  for  publication  with  the 
hope  that  it  may  supply,  to  some  extent,  demands  for  recent  inf onna- 
tion  concerning  gold  districts  of  this  State.  For  courtesies  in  the 
field  the  writer  is  indebted  to  so  many  citizens  of  Alabama  that  only 
general  acknowledgment  can  be  made  in  a  paper  so  brief  as  this. 

The  general  relief  of  northeastern  Alabama  is  marked  by  dis- 
sected ridges  which  lie  in  a  northeast-southwest  direction  and  cor- 
respond therefore  to  the  prevailing  Appalachian  trend.  These  water- 
sheds confine  the  main  streams  for  the  greater  part,  although  they 
are  at  intervals  cut  across  by  drainage  channels.  Down  their  slopes 
to  the  northwest  and  southeast  flow  the  minor  streams  whose  work 
is  reducing  this  entire  region  to  a  peneplain. 

The  altitudes  of  this  portion  of  Alabama  are  no  longer  great,  only 
a  small  fraction  of  the  areas  of  the  higher  hills  rising  above  the 
1,000- foot  contour.  The  slopes  are  not  unusually  steep  and  the  val- 
leys are  well  matured. 

GEOIiOGY. 

The  southwestern  portion  of  the  Appalachian  Mountain  and  Pied- 
mont Plateau  belts,  including  the  gold  deposits  of  the  Southern 
States,  is  made  up  for  the  most  part  of  metamorphic  igneous  and 
sedimentary  rocks,  but  includes  also  isolated  patches  of  slightly  meta- 
morphosed sediments  and  unmetamorphosed  intrusives.  These  rocks 
extend  into  the  east-central  portion  of  Alabama,  and  the  Piedmont 
Plateau  disappears  under  the  Cretaceous  sediments  toward  the  south- 
west. The  portion  of  this  area  of  metamorphic  rocks  lying  in  Ala- 
bama has  roughly  the  shape  of  an  equilateral  triangle,  with  its  base 
86 
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lying  on  the  middle  third  of  the  Alabama-Georgia  boundary  line  and 
the  apex  extending  nearly  to  Calera,  about  30  miles  due  south  of  Bir- 
mingham. On  the  northwest  lie  the  folded  Cambrian  and  Silurian 
strata,  and  to  the  southwest  are  the  overlapping  Cretaceous  forma- 
tions. In  addition  to  intense  folding,  there  has  been  extensive  fault- 
ing apparently  along  northeast-southwest  lines. 

The  area  of  metamorphic  and  crystalline  rocks  of  Alabama,  thus 
roughly  outlined,  includes  the  greater  part  or  all  of  Cleburne,  Ran- 
dolph, Clay,  Chambers,  Tallapoosa,  Coosa,  and  Lee  counties  and 
parts  of  Talladega,  Chilton,  and  Elmore  counties,  and  is  over  4,000 
square  miles  in  extent. 

The  rocks  within  this  area  include  the  "  Talladega  formation,"  of 
partly  metamorphosed  slates  and  sandstones,  the  Alabama  repre- 
sentative of  the  Ocoee  group  of  formations,  which  are  of  Cambrian 
age,  according  to  Keith ;  ^  a  small  area  of  later  slates,  probably  Devo- 
nian or  early  Carboniferous,  lying  along  the  northwestern  border  of 
Clay  County ;  the  older  gneisses  and  schists ;  and  the  intrusive  gran- 
ites and  greenstones.  The  general  relations  of  these  were  outlined 
some  years  ago,^  and  brief  notes  are  offered  here,  but  considerable 
detailed  study  of  them  remains  to  be  done. 

The  Ocoee  group  or  "  Talladega  formation  "  as  described  by  Smith  ^ 
embraces  a  series  of  conglomerates,  quartzites,  dolomites,  quartz 
schists,  and  slates.  The  latter  two  are  the  most  common  rocks  and 
include  brownish,  greenish,  and  grayish  quartz  and  clay  schists  and 
slates,  bluish  graphitic  slates,  and  magnetitic  schists.  Three  fairly 
well  defined  belts  of  the  Ocoee  rocks,  trending  from  northeast  to  south- 
west, and  beginning  next  the  determined  Paleozoic  rocks  to  the  north- 
west, alternate  with  three  roughly  corresponding  areas  of  much  more 
highly  crystalline  rocks  consisting  chiefly  of  granitic  gneisses.  These 
belts  may  be  conveniently  described  as  the  "  upper,"  "  central,"  and 
'*  lower  slate  belts."  The  first  two  of  these  belts  are  referred  to  and 
briefly  defined  on  pages  42  and  44.  The  third  belt,  the  narrowest 
and  best  defined  of  the  three,  contains  the  Silver  Hill,  Blue  Hill, 
Gregory  Hill,  and  other  gold  deposits,  once  famous  in  Alabama  gold 
mining,  but  now  dormant  and  unproductive.  A  number  of  these  old 
mines  were  visited  by  the  writer,  but  all  the  workings  were  found  to 
have  been  abandoned  for  many  years  and  the  time  given  to  them  was 
brief.  This  belt  is  characterized  in  part  by  a  conspicuous  outcrop  of 
a  light-yellowish  saccharoid  sandstone  described  by  Tuomey,  PhU- 

•  Keith,  Arthur,  Geologic  Atlas  U.  S.,  folio  143,  U.  S.  Geol.  Survey,  1907,  p.  3. 

•  Phillips,  W.  B.,  A  preliminary  report  on  a  part  of  the  lower  gold  belt  of  Alabama : 
Ball.  GeoL  Survey  Alabama,  No.  3,  1892.  Brewer,  W.  M.,  Smith,  E.  A.,  Hawes,  G.  W., 
Clemait8»  J.  M.,  and  Brooks,  A.  H.,  A  preliminary  report  on  the  upper  gold  belt  of  Ala- 
bama, with  supplementary  notes  on  the  most  important  varieties  of  metamorphic  or  crys- 
talline rocks  of  Alabama :  Bull.  Geol.  Survey  Alabama,  No.  5,  1896. 

•  Smith,  B.  A.,  op.  cit,  pp.  110-115. 
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lips,  and  Brewer.**  This  sandstone  is  from  20  to  80  feet  thick  and  ex- 
tends across  the  country  to  the  northeast  for  many  miles.  It  is  the 
"  Devil's  Backbone  "  of  Phillips.  The  sandstone  is  interfoliated  with 
the  bluish  auriferous  slates  of  the  Silver  Hill  belt  of  Phillips  and 
Smith,  and  is  itself  auriferous,  according  to  Phillips.  These  rocks 
strike  N.  20°-45°  E.  and  their  planes  of  schistosity  dip  rather  steeply 
to  the  southeast.  To  the  southeast  of  this  belt  is  a  broad  area  of 
crystalline  rocks  extending  to  the  Georgia  line. 

An  isolated  patch  of  slates  lying  in  the  upper  slate  belt  in  the 
northern  part  of  Clay  County  was  found  to  contain  fossils  thought 
by  Smith  ^  to  be  Carboniferous,  and  as  these  rocks  had  previously 
been  classified  with  those  of  the  "  Talladega  formation  "  considerable 
doubt  was  thrown  on  the  supposed  Cambrian  or  earlier  age  of  the 
"  Talladega  "  rocks.  The  problem  received  the  attention  of  C.  W. 
Hayes  and  David  AVhite,  who  concluded  after  field  study  that  these 
slates  were  unconformable  with  the  Ocoee  and  probably  of  Devonian 
or  later  age.^ 

Of  the  highly  metamorphosed  or  crystalline  rocks  of  doubtful 
origin  the  rather  coarse-grained  gneiss  is  by  far  the  most  generally 
distributed.  According  to  Smith,  these  gneisses  are  chiefly  granitic 
in  composition,  but  vary  in  the  southeastern  area  into  more  basic 
dioritic  gneisses;  and  in  structure  they  may  be  considered  means 
between  the  end  terms  of  slightly  gneissoid  granites  on  the  one  hand 
and  highly  fissile  mica  schists  on  the  other.  Samples  of  the  gneiss 
of  Pinetuckey  show  megascopically  a  medium-grained  foliated  rock 
made  up  of  considerable  quartz,  somewhat  less  feldspar,  and  white 
and  brown  mica,  the  latter  slightly  in  excess.  This  gneiss  is  cut  by 
pegmatite  dikes  containing  much  biotite  in  broad  sheets  and  feldspar 
that  is  now  altered,  where  exposed  near  the  surface,  to  kaolin.  Asso- 
ciated with-  these  gneisses  and  with  the  Ocoee  rocks  are  various  mica 
schists  of  equally  doubtful  origin.  They  are  chiefly  fine-grained, 
dark-colored,  rather  basic  schists,  so  altered  that  their  composition  is 
not  readily  made  out  without  resort  to  thin  sections.  A  dark  mica 
is  common,  and  in  the  schists  of  the  Pinetuckey  mine  garnets  are  de- 
veloped. The  garnets  occur  also  with  the  quartz  of  the  vein  and  the 
garnetiferous  portion  of  the  schist  next  the  vein  carries  gold  and  is 
mined  with  the  ore.  The  garnets  would  seem  to  be  later  than  the 
regional  metamorphism  and  to  be  genetically  related  to  ore  deposi- 
tion ;  but  as  the  mine  was  flooded  at  the  time  of  the  writer's  visit  sat- 
isfactory determination  of  this  point  could  not  be  made.  The  schists 
form  the  walls  of  the  vein,  and  their  planes  of  schistosity  are  parallel 

"Tuomey,  M.,  Second  Blenn.  Rept.  Geol.  Survey  Alabama,  1858.  Phillips,  W.  B.,  op. 
cit.,  pp.  58,  61.     Brewer,  W.  M.,  op.  cit.,  pp.  6,  7. 

*  Smith,  E.  A.,  Science,  new  ser.,  vol.  18,  1903,  pp.  244-24G. 
« Oral  communlcatioD  from  Dr.  C.  Wlllard  Hayes. 
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with  those  of  the  adjoining  gneiss  of  the  country  rock.  The  deter- 
mination of  the  age,  relation,  and  origin  of  these  gneisses  and  asso- 
ciated mica  schists  presents  many  difficulties  and  awaits  the  most 
careful  detailed  work. 

Of  less  doubtful  origin  is  the  "  Hillabee  green  schist "  described 
by  Brewer,  Smith,  Clements,  and  Brooks,*  and  noted  by  the  writer 
at  Chulafinnee  and  Arbacoochee.  This  rock  occurs  along  the  north- 
western border  of  the  gneisses  and  as  an  intrusive  in  the  Ocoee  slates. 
It  is  a  light-green,  fine-grained,  slightly  foliated  schist  and  is  pyritif- 
erous,  at  least  in  part.  The  slight  schistosity  is  brought  oift  by  the 
appearance  of  the  pyrite  along  wavy  parallel  planes  of  foliation. 
The  rock  appears  to  be  an  altered  basic  igneous  intrusion  of  later  age 
than  the  Ocoee  slates,  but  earlier  than  the  close  of  the  regional 
metamorphism. 

A  type  of  acidic  intrusive  is  present  in  the  granite  of  Hog  Moun- 
tain, a  medium-grained  holocrystalline  rock  made  up  of  quartz, 
orthoclase,  and  biotite,  with  some  muscovite  and  a  little  plagioclase. 
This  rock,  which  is  probably  an  equivalent  of  the  granite  at  Villarica, 
in  the  Marietta  quadrangle,  occurs  as  a  thick  tabular  sheet  in  the 
Ocoee  slates  of  Hog  Mountain  and  is  exposed  in  the  group  of  hills 
bearing  this  name. 

ORE  DEPOSITS. 

The  ore  deposits  of  the  mines  here  described  belong  to  two  struc- 
tural types,  that  of  fissure  veins,  as  illustrated  by  the  Hog  Mountain 
veins,  and  that  of  lenticular  bodies  lying  for  the  greater  part  within 
planes  of  schistosity  of  the  inclosing  rocks,  as  illustrated  by  the  ore 
bodies  of  Gold  Ridge,  Pinetuckey,  and  Tallapoosa.  The  country  rock 
at  Hog  Mountain  is  an  intrusive  granite,  that  of  Tallapoosa  and  Gold 
Ridge  consists  of  Ocoee  slates  and  schists,  and  that  of  Pinetuckey  is 
gneiss.  All  the  ore  bodies  are  on  the  border  of  gneisses  and  granites 
on  the  one  hand  and  of  the  Ocoee  slates  on  the  other.  At  Gold  Ridge 
and  Pinetuckey  a  fine-grained  mica  schist,  carrying  pyrites  and  gold, 
forms  the  foot  wall,  and  in  this  schist  garnets  are  developed.  At 
Pinetuckey  the  garnets  assume  both  a  banded  structure  and  the  form 
of  fresh  "  augen  "  in  the  schist.  Garnets  are  also  found  in  the  vein 
quartz  at  this  mine,  adjoining  the  garnetiferous  schist.  Thin  sec- 
tions of  ores  and  rocks  have  as  yet  been  studied  by  the  writer  only 
of  samples  from  the  Hog  Mountain  mines.  Here  the  vein  quartz 
next  the  granite  walls  contains  veinlets  of  tourmaline  and  is  as- 
sociated with  large  foils  of  sericite.  The  quartz  of  this  vein  matter  is 
of  two  generations,  the  older  being  a  smoky  blue  quartz  containing 
fluid  and  gas  inclusions  and  indeterminable  opaque  substances  and 
showing  strong  strain  shadows   between    crossed    nicols;  with   this 

•  Op.  clt,  pp.  84,  120,  173,  195-197. 
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quartz  are  associated  some  of  the  gold  and  sulphides.  The  younger 
quartz  is  fresh  and  light  colored,  shows  few  inclusions  or  strain 
shadows,  and  is  also  associated  with  the  sulphides.  The  granite  of 
the  walls  is  somewhat  altered,  the  feldspar  being  changed  largely 
to  sericite,  and  tourmaline  and  colorless  garnets  being  present,  as 
observed  in  thin  sections. 

The  granite  of  Hog  Mountain  is  intrusive  in  the  Ocoee  group.  The 
gneiss  of  Pinetuckey  is  reported  by  Mr.  Sam  Wallace  to  underlie 
all  of  the  Ocoee ;  but  drill  holes  have  shown  that  granite  also  alter- 
nates with  these  rocks.^  The  garnetiferous  and  auriferous  mica 
schist  of  the  foot  walls  of  the  Gold  Ridge  and  Pinetuckey  veins  has 
not  been  studied  in  thin  section  and  its  origin  is  unknown.  It  is 
conformable  with  the  Ocoee  slates  of  the  Gold  Ridge  and  with  the 
gneisses  of  the  Pinetuckey  mines. 

The  strike  of  all  the  veins  conforms  mainly  to  the  general  struc- 
tural tt-end  to  the  northeast,  being  in  part  more  easterly  in  the  Hog 
Mountain  veins  and  more  northerly  at  Pinetuckey  and  Gold  Ridge. 
The  dip  of  the  veins  of  the  lenticular  type  is  to  tJie  southeast,  rang- 
ing from  30°  to  50° ;  that  of  the  Hog  Mountain  fissure  veins  is  from 
50°  to  60°  NW. 

The  veins  of  the  lenticular  type  show  sheeted  or  banded  structure, 
with  scales  of  white  mica  developed  along  parting  planes.  The  veins 
of  Hog  Mountain  indicate  crushing  and  recrystallization.  The  slates 
adjoining  the  Tallapoosa  vein  are  in  many  places  much  crumpled 
next  the  vein.  The  granite  wall  rock  of  Hog  Mountain  shows  strain, 
but  has  not  been  rendered  gneissoid. 

Hydrometamorphism,  or  weathering,  has  extended  everywhere 
to  water  level,  which  is  from  40  to  80  feet  below  the  present  surface. 
The  Ocoee  slates  and  all  the  schists  have  been  completely  altered 
by  oxidation  and  hydration  to  this  level,  but  the  granite  of  Hog 
Mountain  and  the  gneisses  are  but  slightly  changed.  All  the  ores 
have  been  oxidized  and  the  gold  is  commonly  found  for  the  most 
part  free-milling  and  associated  with  hydrated  iron  oxides  above 
water  level.  The  vein  quartz  is  somewhat  honeycombed  in  the  Hog 
Mountain  ores,  and  rather  porous  in  the  lenticular  veins,  in  the  ox- 
idized zone.  Below  water  level  free  gold  is  still  found  in  the  lentic- 
ular veins,  but  from  60  to  80  per  cent  of  the  total  gold  is  so  closely 
associated  with  the  unaltered  sulphides  that  the  ores  are  not  amal- 
gamable  at  a  profit.  The  "  blue  ores  "  of  Hog  Mountain,  or  those  of 
the  sulphide  zone,  are  not  free-milling  in  any  degree. 

The  Hog  Mountain  veins  are  fairly  reguhir  in  width  and  values 
so  far  as  explored  in  depth;   the  lens-shaped   ore  bodies,  however, 
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pinch  and  swell,  part  and  rejoin,  but  they  also  persist,  both  in  aver- 
age width  and  in  values,  as  far  as  they  have  been  followed,  in  the  sul- 
phide zone. 

Data  for  a  satisfactory  discussion  of  the  genesis  of  these  deposits 
are  yet  incomplete.  Their  age  is  probably  post-Cambrian.  In  all 
the  veins  the  fillings  are  along  lines  of  structural  weakness  and  deposi- 
tion was  followed  by  strain,  shear,  and  recrystallization  along  the 
same  lines.  All  of  this  would  seem  to  have  taken  place  before  the 
close  of  regional  metamorphism  referred  to  the  Appalachian  up- 
heaval. Deposition  occurred  probably  at  great  depth  and  imder  high 
heat  and  pressure;  and  that  of  the  Hog  Moimtain  ores  at  least  seems 
to  be  genetically  referable  to  igneous  after  effects.  As  stated  above, 
the  ore  deposits  occur  along  the  border  of  the  Ocoee  slates  and  the 
granites  and  gneisses ;  and  the  latter  appear  to  be  gneissoid  granites 
and  therefore  igneous  rocks.  It  seems  probable  that  several  thousand 
feet  of  vertical  extension  of  the  veins  have  been  removed  since  their 
deposition;  and  the  lower  limits  of  the  ore  bodies  have  not  yet  been 
defined. 

PRODUCTION. 

The  production  of  the  precious  metals  in  Alabama  has  never  been 
great  for  any  given  year,  but  this  State  has  been  credited  with  a  con- 
tinuous output  for  more  than  a  century.  The  exact  date  when  gold 
was  first  ipined  in  Alabama  is  not  known.  It  seems  quite  probable 
that  the  Indians  found  nuggets  in  the  streams  long  before  the  advent 
of  the  white  man  and  beat  them  into  rude  ornaments.  The  early 
Spaniards  doubtless  observed  these  ornaments  and  obtained  some  of 
them  or  learned  where  they  came  from.  Nuggets  are  still  found  in 
Clear  Creek  and  elsewhere  in  Alabama,  especially  after  heavy  rains. 
Evidence  that  the  streams  were  worked  at  least  a  hundred  years  ago 
was  observed  on  the  banks  of  a  small  stream  in  the  Pinetuckey  district, 
where  in  extensive  dimips,  apparently  of  old  placer  washings,  trees  at 
least  a  century  old  have  grown.  However  all  this  may  be,  Phillips  <* 
states  that  the  earliest  records  seem  to  point  to  the  beginning  of  real 
gold  mining  in  Alabama  in  about  the  year  1830. 

From  the  reports  of  the  Director  of  the  Mint  to  1903,  inclusive,  and 
from  those  of  the  Geological  Survey  for  1904,  1905,  and  1906,  Ala- 
bama is  credited  with  a  total  production  of  gold  and  silver  valued  at 
$760,470  for  the  one  hundred  and  seven  years  beginning  with  1800. 
This  would  represent  an  average  annual  production  of  $7,107.  Only 
once  in  the  twenty-four  years  from  1880  to  1903,  inclusive,  did  the 
recorded  production  reach  this  mark;  but,  chiefly  owing  to  recent 
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activity  at  the  Hog  Mountain  mines  in  Tallapoosa  County,  the  pro- 
duction for  the  three  years  1904  to  1906  has  been  as  follows : 

Production  of  gold  and  silver  in  Alabama,  1904-1906, 


Year. 

Gold. 

Sflver. 

Total. 

i906-iiizi~ii~iii"iii"ii"r"iiiiii"iiii"iriiiii"iii""iiiiiii~ii! 

1906u 

$29,800 
41.5S0 

24,oei 

|U6 
208 
8S 

41.788 
26.0M 

The  production  for  1907  will  probably  show  a  slight  increase  over 
that  of  1906,  owing  to  the  continued  activity  at  Hog  Mountain  and 
recent  operations  at  the  Gold  Ridge  mines. 

DETAIIiED  DESCRIPTIONS. 

GOLD  RIDGE. 

Gold  Ridge  is  in  the  extreme  northeast  corner  of  Randolph 
County,  on  the  Randolph-Cleburne  county  line  and  about  2  miles  west 
of  the  Alabama -Georgia  boundary  line.  It  is  a  small  hamlet  situated 
on  a  hill  of  1,100  feet  elevation  bearing  the  same  name.  Considerable 
placer  work  has  been  done  here  in  the  past,  but  records  giving  the 
production  are  not  available.  Attention  has  recently  been  attracted 
to  this  place  by  the  introduction  of  northern  capital  and  by  prepara- 
tions for  working  the  ores  in  depth. 

The  exposures  indicate  the  continuation  northeastward  to  this  hill 
of  the  "  Talladega"  (Ocoee)  beds  of  the  central  slate  belt  as  laid 
down  on  the  geologic  map  of  Alabama.*  This  belt  extends  from  a 
point  7  miles  northwest  of  Wetumpka,  where  it  is  2  miles  wide,  north- 
eastward through  Alexander  and  Wedowee,  increasing  in  w^idth  to 
about  9  miles  at  the  Alabama-Georgia  line.  On  both  sides  of  this 
belt  occur  the  crystalline  igneous  and  metamorphic  rocks.  Gold 
Ridge  is  on  its  northern  border.  The  hill  is,  for  the  greater  part  at 
least,  made  up  of  argillaceous  and  siliceous  slates  and  schists,  striking 
from  N.  10°  E.  to  N.  40°  E.,  and  with  planes  of  schistosity  dipping 
from  30°  to  45°  S.  80°  E.  to  S.  60°  E.  Certain  of  the  clay  slates  and 
quartz  schists  appear  to  be  of  sedimentary  origin,  and  the  inclosing 
rocks  of  the  quartz  veins  belong  mainly  to  this  class  of  rocks.  The 
origin  of  the  foot  wall  of  the  Eckert  vein,  however,  which  is  a  highly 
garnetiferous  mica  schist,  and  that  of  a  quartz-magnetite  schist  found 
in  association  with  another  vein  a  mile  to  the  south,  is  of  considerable 
doubt.  The  garnets  of  the  Eckert  foot  wall  are  much  decomposed, 
but  are  shown  to  be  of  the  iron-alumina  variety.  Many  of  them  are 
dodecahedra  from  2  to  3  inches  in  diameter.     The  matrix  of  the 


» Geologic  map,  Geol.   Survey  Alabama,   Eugene  A.   Smith,   State  geologist,   1894. 


&OME  GOLD  DEPOSITS  OF  ALABAMA.  48 

schist  is  highly  micaceous.  The  quartz-magnetite  schist  is  made  up 
abnost  entirely  of  these  two  minerals,  as  shown  by  a  megascopic  exam- 
ination, with  light-colored  micas  here  and  there  along  the  planes  of 
schistosity.  Many  of  the  magnetite  crystals  are  0.1  inch  in  average 
diameter.  A  green  pyritiferous  chlorite-epidote  schist  found  border- 
ing this  belt  to  the  north  and  interfoliated  with  certain  of  the  other 
schists  seems  undoubtedly  of  igneous  origin  and  is  probably  the  "  Hil- 
labee  schist "  of  Brewer  and  Smith,*  thin  sections  of  which  were 
studied  by  Clements  and  Brooks.** 

The  mine  workings  are  situated  on  the  east  side  of  the  hill  and 
about  1  mile  northeast  of  Gold  Ridge.  Two  veins  are  exposed  by 
numerous  pits,  trenches,  and  crosscuts.  The  upper  or  Black  vein 
shows  at  least  10  feet  of  dark  quartz  at  the  best  exposure,  with  a 
hanging  wall  of  red  clay  resulting  from  weathered  slates.  The  foot 
wall  is  not  exposed,  but  below  this  vein  and  above  the  Eckert  are 
found  the  red  clays  characteristic  of  certain  weathered  beds  of  the 
Ocoee.  The  foot  wall  of  the  Eckert  vein  is  a  green  garnetiferous 
schist,  much  of  which  is  slaty  in  appearance.  The  Eckert  vein  is 
from  6  to  36  inches  between  walls.  The  general  strike  of  both  veins 
is  from  N.  10°  E.  to  N.  20°  E.  and  the  dip  is  from  20°  to  43°  S.  80° 
E.  to  S.  60°  E.  One  dip  fault,  of  the  normal  type,  was  observed  in 
a  drift  on  a  narrow  quartz  vein  similar  to  the  Eckert  and  possibly 
a  continuation  of  it,  about  a  mile  south  of  the  present  workings. 
The  throw  of  this  fault  measured  4  feet.  Evidences  of  strike  faults 
with  similar  short  throws  and  of  slickensides  also  prove  that  there 
has  been  some  slight  fracturing  and  displacement  of  the  veins. 

The  Black  vein  has  not  been  worked  and  is  but  little  developed. 
It  is  made  up  of  rather  massive  quartz,  stained  with  manganese 
oxides,  and  is  reported  to  average  in  assay  value  from  $9  to  $10  across 
a  face  of  9  feet.  Systematic  sampling,  however,  has  not  yet  been 
done  on  this  vein  and  its  real  value  is  unknown.  On  the  Eckert 
vein  an  inclined  shaft  has  been  sunk  for  about  100  feet  and  drifts 
have  been^tumed  on  the  50- foot  level  to  the  north  and  south  for  about 
250  feet.  The  vein  is  not  yet  explored  below  water  level  and  the  wall 
rocks  are  weathered  almost  beyond  recognition.  The  pay  streak  of 
this  vein  is  along  the  foot  wall,  which  itself  carries  gold  and  for  a 
distance  of  12  to  18  inches  from  the  quartz  is  mined  at  a  profit.  The 
vein  matter  is,  where  exposed,  a  rather  porous  quartz  of  schistose 
structure,  and  white  mica  is  developed  along  the  planes.  The  vein 
pinches  and  swells  and  thick  portions  of  it  in  cross  section  in  weath- 
ered exposures  show  reentrant  angles  simulating  grooving.  One 
"  pipe,"  with  its  long  axis  lying  in  the  line  of  strike,  showed  an  oval 
cross  section  with  corrugated  border  and  having  no  connection  with 
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portions  of  the  vein  either  above  or  below.  A  section  of  this  "  pipe  " 
removed  from  the  clay  looked  very  much  like  a  silicified  tree  trunk 
a  foot  or  more  in  diameter.  The  ore  is  free-milling  above  water 
level,  and  sulphides  of  iron  have  yet  been  encountered  only  to  a  slight 
extent  in  the  veins.  The  garnets  of  the  foot  wall  are  rolled  and  many 
of  them  are  from  1  to  2  inches  in  diameter,  giving  the  schist  a  knot- 
ted appearance. 

A  steam  2-stamp  mill  began  operations  on  these  ores  toward  the 
last  part  of  1907,  and,  according  to  reports,  the  results  have  been 
satisfactory.  Work  on  these  ores  must  be  considered  largely  experi- 
mental until  development  underground  has  gone  below  ground- 
water level. 

CLEAR  CREEK. 

Immediately  to  the  southeast  of  the  determined  Paleozoic  forma- 
tions as  shown  on  the  geologic  map  of  Alabama  <*  lies  a  broad  belt  of 
rocks  well  exposed  in  Blue,  Talladega,  and  Rebecca  mountains,  con- 
stituting what  may  be  termed  the  upper  slate  belt,  and  extending 
from  the  Cretaceous  sediments  at  Clanton  northeastward  through 
Edwardsville  into  Georgia.  This  belt  is  from  7  to  25  miles  wide, 
and  is  made  up  largely  of  light  and  dark  micaceous  argillites,  quartz- 
ites,  and  conglomerates,  and  in  the  Turkey  Heaven  Mountains,  ac- 
cording to  Smith,^  of  dark-colored  graphitic  and  magnetitic  schists. 
To  the  southeast  of  this  belt  of  rocks,  mapped  by  Smith  as  "  Talla- 
dega," lies  a  continuous  belt  of  the  "  Hillabee  schist,"  noted  above, 
bordering  a  broad  area  of  acidic  gneissic  and  granitic  rocks  separat- 
ing the  upper  and  central  slate  belts.  At  Chulafinnee,  about  15  miles 
a  little  to  the  south  of  west  of  Heflin,  Cleburne  County,  the  schist  is 
well  exposed.  It  is  there  found  in  close  association  with  the  Ocoee 
auriferous  slates,  as  it  is  at  Arbacoochee  and  Clear  Creek. 

Between  Gold  Hill  and  Kemp  Mountain,  in  Cleburne  County,  lies 
the  well-matured  •  valley  of  Clear  Creek,  a  tributary  of  Tallapoosa 
River  flowing  southwestward.  These  are  outlying  hills  parallel  to 
the  Horseblock- Brymer  range  to  the  north  and  their  axes  trend  N. 
45°  E.  parallel  to  the  strike  of  the  rock  exposures.  Kemp  Mountain 
is  from  1,400  to  1,500  feet  in  elevation,  and  Gold  Hill  is  somewhat 
lower.  The  general  dip  of  the  planes  of  schistosity  of  all  the  rocks 
is  about  45°  S.  45°  to  60°  E.  On  the  south  slope  of  Gold  Hill,  near 
Arbacoochee,  are  old  workings  and  dumps  indicating  the  presence 
of  the  familiar  lenticular  quartz  veins  in  the  schists.  The  works  have 
been  abandoned  for  so  long  that  the  shafts  and  slopes  are  caved  and 
partly  filled  with  surface  wash.  Two  quartz  veins  lying  within 
quartz  schists  and  dipping  45°  S.  45°  Vj.  were  noted  in  the  mouth  of 
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an  inclined  shaft  about  one-fourth  of  a  mile  southwest  of  Arbacoo- 
chee.  The  quartz  is  white  and  shows  cavities  filled  with  limonite. 
Fragments  of  this  quartz  litter  the  hillside  down  to  the  flood  plain 
of  Clear  Creek  and  may  be  found,  together  with  old  pits,  along  the 
strike  (N.  45°  E.)  through  the  forest  for  over  a  mile.  The  veins 
where  measured  were  2  and  6  inches  thick.  They  are  reported  to 
have  been  rich  in  free  gold. 

The  flood  plain  of  Clear  Creek  is  about  half  a  mile  wide  at  the 
point  about  the  same  distance  southwest  of  Arbacoochee,  where  placer 
operations  are  now  being'carried  on.  The  valley  floor  is  rather  over- 
grown with  small  shrubs,  and  has  until  recently  supported  some 
forest  growth,  as  is  attested  by  the  large  number  of  tree  stumps  re- 
maining. Below  the  soil  cap  lies  gravel  to  a  depth  of  8  to  14  feet, 
with  a  foot  or  more  of  white  clay  near  the  bottom.  The  bed  rock 
is  reported  to  consist  of  the  upturned  edges  of  the  slates,  striking 
here  to  the  northeast  and  therefore  lying  parallel  to  the  average 
course  of  the  streams.  The  cutting  of  this  bed  rock  has  exposed 
many  narrow  veins  of  quartz  carrying  scattered  rich  pockets  of  free 
gold.  It  would  seem  therefore  that  operations  here  extending  to  the 
bed  rock  have  worked  gold  in  place  as  well  as  alluvial  gold  caught 
in  the  rock  and  found  with  stream  gravel.  Well-authenticated  ac- 
counts have  been  given  to  the  writer  of  rich  pockets  yielding  $7,000 
and  over  in  gold,  but  it  has  been  difficult  to  determine  whether  the 
gold  has  been  in  place  or  not.  The  probabilities  would  seem  to 
favor  the  conclusion  that  the  rich  pockets  consist  mainly  of  alluvial 
gold.  Good-sized  nuggets  are  still  found  along  the  sides  of  Gold 
Hill  after  heavy  rains.  As  might  be  expected,  much  broken  vein 
quartz  is  mixed  with  the  Clear  Creek  gravel,  and  samples  of  it  from 
dumps  of  the  dredge  have  assayed  from  $3  to  $4  to  the  ton. 

Placer  mining  on  Clear  Creek  has  long  been  famous  in  Alabama 
and  has  undoubtedly  yielded  from  $50,000  to  $60,000  in  gold  from 
small  workings  alone.  In  1905  the  Clear  Creek  Mining  Company 
built  a  small  bucket  dredge  with  a  daily  capacity  of  600  cubic  yards 
for  the  purpose  of  working  the  gravels  on  a  larger  scale  than  had 
been  done  before.  Some  work  was  done  in  that  year  but  operations 
were  not  entirely  successful  and  the  plant  was  closed  down.  Possibly 
tree  stumps  interfered  with  the  dredge  to  some  extent  or  local  strata 
of  white  clay  balled  up  some  of  the  gold;  certainly  it  was  found 
that  some  of  the  gold  was  not  in  alluvial  form,  but  in  comparatively 
fresh  broken  vein  matter,  and  it  was  thought  that  the  tailing  dumps 
could  be  worked  at  a  profit  by  crushing  and  amalgamation.  Facili- 
ties for  this  process  were  therefore  added  to  complete  an  extensive 
plant.  At  the  end  of  1907  the  Gold  Ridge  Mining  Company  was 
ccHnpleting  preparations  to  sluice  the  gravel  by  the  use  of  giants 
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and  to  elevate  it  by  suction  pipes  to  a  series  of  sluice  boxes  of  con- 
ventional type  and  riflBes,  120  feet  in  length.  Operations  began  too 
recently  to  enable  the  writer  to  judge  of  the  success  of  this  plan. 
There  seems  to  be  considerable  gold  still  available  in  the  valley  of 
Clear  Creek,  but  a  close  study  of  the  economic  and  geologic  features 
involved  should  precede  final  judgment  on  this  point 

PINETUCKEY. 

Between  the  upper  slate  belt  in  Cleburne  Coimty  and  the  central 
slate  belt  in  Randolph  County  lies  a  wedge-shaped  area  of  acidic 
gneissic  rocks.  This  area  extends  in  a  broad  belt  to  the  southwest 
through  Ashland  and  Rockf ord  and  includes  the  granite  near  Alex- 
ander, which  is  the  same  as  that  of  Hog  Mountain.  As  mapped  by 
Smith  ^  it  wedges  out  where  the  two  slate  belts  join  near  the  Alabama- 
Georgia  line.  Near  the  Cleburne-Randolph  county  line  and  about 
a  mile  to  the  southwest  of  Micaville  dikes  and  apophyses  of  pegmatite 
occur  within  this  area,  affording  considerable  supplies  of  kaolin  and 
of  large  sheets  of  mica.  Three  of  these  parallel  dikes  have  been  ex- 
plored and  they  are  found  to  trend  from  southwest  to  northeast  for  at 
least  half  a  mile.  Where  they  have  been  worked  for  mica  and  kaolin 
they  are  from  30  to  50  feet  wide,  and  are  bordered  in  part  by  zones  of 
light-colored  facies  of  granite  free  from  mica  or  other  dark  minerals. 
Tourmaline  and  ilmenite  were  found  in  large  crystals  in  some  of  these 
pegmatitic  veins  by  Mr.  Sam  Wallace,  who  has  carried  on  extensive 
exploratory  work  in  this  area. 

About  2  miles  south  of  Micaville  and  a  quarter  of  a  mile  northwest 
of  Pinetuckey  are  the  historic  Pinetuckey  mines.  Extensive  lines  of 
old  trenches,  pits,  and  tailing  dumps  indicate  work  on  the  surface 
ores  extending  back  for  many  years.  Considerable  modern  under- 
ground work  has  also  been  done  and  a  20-stamp  mill  was  erected 
several  years  ago  to  treat  the  ores  by  the  milling-amalgamation  proc- 
ess; but  owing  to  difficulties  in  obtaining  a  high  extraction  by  this 
method  and  uncertainty  of  the  best  future  procedure  the  mines  and 
plant  have  been  closed  for  several  years  and  the  mine  is  now  flooded. 

The  country  rock  of  the  ore  deposits  is  a  medium-grained  gray 
gneiss  made  up  of  quartz,  feldspar,  and  mica.  The  immediate  walls 
of  the  veins  are  of  thin  sheets  of  dark-green  mica  schist  in  which 
garnets  are  highly  developed,  assuming  the  form  of  "  augen  "  and, 
more  conspicuously,  a  marked  banded  structure.  Garnets  are  found 
also  at  the  boundary  plane  between  the  schist  and  gneiss.  This  schist 
of  both  walls  is  auriferous  and  is  reported  to  carry  from  $4  to  $7  to 
the  ton  in  gold,  partly  in  pyrites.  The  vein  matter  proper  is  hard 
bluish  quartz  with  a  sheeted  or  banded  structure  and  contains  both 

«  Geologic  map,  Geol.  Survey  Alabama,  1894. 
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free  gold  and  auriferous  sulphides.  Between  bands  of  quartz  films 
of  muscovite  are  developed,  and  garnets  are  found  with  the  quartz. 
All  these  garnets  would  seem  to  be  genetically  related  to  the  ore 
deposits. 

Several  veins  have  been  worked  at  Pinetuckey  down  to  water  level 
and  some  very  rich  ore  has  undoubtedly  been  taken  out.  Handsome 
specimens  showing  flakes  of  free  gold  in  the  quartz  as  large  as  kernels 
of  corn  are  easily  obtainable.  The  vein  on  which  most  of  the  modem 
work  has  been  done  is  from  6  inches  to  3  feet  thick  and  of  lenticular 
type.  On  this  vein  have  been  sunk  three  shafts  and  two  winzes,  and 
from  500  to  600  feet  of  drifts  and  stopes  have  been  worked.  The  vein 
strikes  N.  10°  E.  to  N.  30°  E.  and  dips  about  50°  S.  80°  E.  to  S.  60°  E. 
The  outcrop  is  traced  for  nearly  a  mile  by  lines  of  old  pits  and  dumps. 
The  ore  shoots  are  somewhat  irregular,  but  are  reported  to  swing 
almost  due  east. 

HOG  MOUNTAIN. 
GEOGRAPHY. 

Hog  Mountain  is  situated  in  the  east-central  part  of  Alabama,  in 
the  northern  part  of  Tallapoosa  County,  and  is  about  12  miles  east  of 
Goodwater  and  about  the  same  distance  a  little  east  of  north  of  Alex- 
ander, stations  on  the  Central  of  Georgia  Railway. 

Hog  Mountain  derives  its  name  from  its  profile  as  seen  from  the 
lower  country  to  the  west.  It  is  formed  by  three  prominent  knolls 
connected  by  saddlebacks  and  lying  in  a  north-south  direction.  A 
short  distance  to  the  east,  and  separated  from  it  by  a  rather  narrow 
valley,  lies  a  somewhat  similar  group  of  knolls  known  as  Little  Hog 
Mountain.  Of  Hog  Mountain  proper  the  north  knoll  rises  slightly 
above  1,000  feet,  the  middle  knoll  is  about  860  feet  high,  and 
the  smaller  knoll  to  the  south  rises  slightly  above  the  800-foot  con- 
tour. 

HISTORY. 

The  early  history  of  the  explorations  on  Hog  Mountain  is  very  im- 
perfectly known.  The  first  definite  reference  to  these  deposits  in 
the  reports  of  the  Geological  Survey  of  Alabama  is  apparently  that  of 
W.  B.  Phillips,*  who  mentions  them  in  connection  with  the  well-de- 
fined Goldville  belt  lying  in  the  slates  immediately  to  the  southeast. 
The  deposits  were  first  worked  along  the  outcrops  some  time  before 
the  civil  war,  and  much  free  gold  was  undoubtedly  extracted  by  the 
crude  methods  in  use  at  that  time.  More  recently  shafts  were 
sunk  on  the  south  knoll,  and  tunnels  now  inaccessible  were  driven,  to 
provide  ore  for  a  10-stamp  mill  situated  at  the  base  of  the  hill  on  the 
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western  side.  Within  the  last  few  years  the  Hillabee  Gold  Mining 
Company  has  carried  on  a  large  amount  of  exploratory  work  to  ex- 
pose the  ore  bodies,  and  of  experimental  work  to  solve  the  difficult 
problem  of  the  best  method  of  treating  the  ores.  The  Hog  Mountain 
mines  have  been  the  principal  producers  of  the  precious  metals  in 
Alabama  during  this  time. 

GEOLOGY. 

The  slates  of  Hog  Mountain,  presumably  Ocoee,  form  the  east  and 
west  flanks  and  the  north  slope  of  the  hill,  and  a  fine-grained  granite, 
apparently  intrusive,  occupies  the  ridge  of  the  hill  and  the  crests  of 
the  knolls.  This  granite  extends  southward  along  the  ridge,  and  is 
probably  related  to  the  great  area  of  presumably  igneous  and  certainly 
highly  metamorphosed  rock  bordered  by  the  slates  and  extending 
from  southwest  to  northeast  through  Coosa  and  Clay  counties  and 
wedging  out  in  southern  Cleburne  County.  The  general  dip  of  the 
slates  is  here  about  60°  S.  60°  E.  and  the  exposed  ridge  of  granite 
cuts  across  these  rocks  in  a  direction  almost  due  north  and  south. 

Considerable  detailed  work  will  be  required  to  make  clear  the 
structure  of  Hog  Mountain.  The  observed  dips  of  the  slate  are,  how- 
ever, fairly  persistent  in  the  direction  S.  60°  E.,  and  in  two  exposures 
underground  on  the  northwestern  and  western  sides  of  the  hill  the 
slate  passes  under  the  granite.  Conclusive  evidence  of  faulting  was 
not  observed  at  this  place.  The  igneous  intrusive  therefore  seems 
to  have  forced  its  way  between  the  planes  of  schistosity  of  the  slates 
and  to  lie  in  this  part  of  Hog  Mountain  in  a  great  tabular  mass  whose 
dip  would  roughly  conform  with  that  of  the  schistosity.  This  ques- 
tion of  structure  is  of  considerable  economic  importance,  as  the  veins 
here  profitably  worked  are  confined  to  the  granite.  As  the  granite 
is  not  gneissoid  it  has  not  been  folded  with  the  slates  and  is  therefore 
later  than  their  dynamometamorphism. 

The  slate  is  a  fine-grained  mica  slate,  dark  gray  in  color  in  the 
fresh  specimens  and  weathering  to  reddish  brown.  Some  quartz 
and  considerable  white  mica  may  be  distinguished  megascopically. 
Planes  of  schistosity  are  brought  out  by  weathering,  but  are  not 
readily  seen  in  fresh  samples.  AVhite  mica  (muscovite)  is  well  de- 
veloped along  these  planes.  Under  the  microscope  the  rock  exhibits 
a  finely  granular  texture  and  allotriomorphic  structure.  Rounded 
quartz  gi*ains  have  been  crushed  and  recrystallized.  Feldspars  are 
not  determinable,  being  probably  altered  to  fine  scales  of  sericite, 
which  occur  in  aggregates  of  irregular  form.  A  marked  develop- 
ment of  muscovite  is  noted,  and  there  is  some  light-brown  biotite  in 
small  flakes,  apparently  secondary.  Magnetite  grains  occur  in  the 
muscovite  very  plentifully  and  fine  needles  of  apatite  are  found  in 
the  quartz  and  micas.    The  occurrence  of  tourmaline  in  small  prisms 


SOME  GOLD  DEPOSITS  OF  ALABAMA.  49 

is  observed.  At  the  granite  contact  and  near  the  Blue  vein  consider- 
able pyrrhotite  is  found  in  the  slates.  The  rock  seems  to  be  a 
dynamometamorphosed  muddy  sediment  that  was  later  somewhat 
altered  by  contact  metamorphism  following  the  granite  intrusion. 

The  granite  is  a  normal  fine-grained  granite  of  hypidiomorphic 
structure,  and  is  made  up  of  biotite,  orthoclase,  and  quartz.  A  pla- 
gioclase  with  albite-oligoclase  characteristics  occurs  very  rarely,  and 
some  muscovite  is  noted.  As  inclusions  are  found  magnetite  in  the 
biotite  and  apatite  in  the  orthoclase.  The  orthoclase  shows  notable 
alteration  to  sericite.  Some  of  the  crystals  of  this  feldspar  are  idio- 
morphic  and  are  fairly  well  bounded  by  zones  showing  varying  ex- 
tinction. The  quattz  is  in  mosaics  of  irregular  anhedra  filling  spaces 
between  the  micas  and  the  feldspars,  is  fairly  fresh  and  free  from  in- 
clusions, and  shows  few  strain  shadows.  The  muscovite  is  rare,  but 
present  in  shreds  and  flakes  and  as  sericite  in  minute  scales  and  foils. 
Pyrrhotite  occurs  rather  plentifully  in  the  sample  of  fresh  rock 
obtained  from  the  vein  walls  and  is  associated  with  quartz  and  biotite. 
Garnet,  colorless  in  transmitted  light,  occurs  locally  in  both  anhedral 
and  euhedral  forms  replacing  quartz  and  feldspar  grains,  and  •  is 
isotropic  in  part.  The  rock  is  a  typical  fiiie-grained  intrusive  granite 
showing  only  traces  of  dynamometamorphism.  From  a  comparison 
of  these  data  with  unpublished  notes  of  C.  W.  Hayes  on  the  granite 
at  Villarica,  Ga.,  which  is  the  youngest  acidic  intrusive  observed 
by  Doctor  Hayes  in  Alabama  or  Georgia  and  in  which  the  ore 
deposits  of  Villarica  are  reported  to  be,  the  rocks  would  seem  to  be 
remarkably  alike.  Mineralogically,  however,  the  granite  at  Villa- 
rica contains  an  excess  of  muscovite  over  biotite. 

ORE   DEPOSITS. 

The  ore  deposits  of  Hog  Mountain  are  fissure  veins  in  a  gran- 
ite that  is  apparently  intrusive  in  the  slates.  They  are  confined, 
so  far  as  explored,  to  the  granite,  and  pinch  out  or  fork  on 
reaching  the  contact  with  the  slates.  On  the  north  knoll  the  general 
strike  of  the  veins  is  northeast  and  southwest.  On  the  middle  knoll, 
however,  and  on  the  western  slopes  of  the  saddle  between  these  knolls 
the  veins  strike  nearly  east  and  west,  although  the  two  largest,  the 
Barren  vein  and  the  Blue  vein,  swing  around  to  the  northeast  on  the 
south  slopes  of  the  north  knoll  and  on  approaching  the  eastern  edge 
of  exposed  granite.  The  veins  are  steeply  inclined  and  dip  to  the 
northwest.  The  slates  are  known  to  cover  at  least  a  portion  of  the 
flanks  of  the  eastern  area  of  the  granite,  as  the  Blue  vein  has  been 
followed  in  granite  for  a  short  distance  under  the  slates  on  this  side 
of  the  mountain.  The  veins  show  a  general  tendency  to  decrease  in 
width  from  a  line  about  midway  between  the  granite-slate  contacts, 
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and  to  taper  out  irregularly  and  gradually  on  approaching  the  slates 
until  at  the  contact  they  pinch  out.  Three  of  the  veins  on  the  middle 
knoll,  whose  horizontal  extensions,  as  shown  by  the  outcrops  and  shal- 
low workings,  seem  to  be  not  more  than  from  600  to  800  feet,  appar- 
ently do  not  reach  the  slates  before  pinching  out.  They  range  in 
width  from  6  inches  to  8  feet.  The  veins  have  in  general  continued 
of  good  width  and  values,  so  far  as  exposed  from  the  higher  surface 
croppings  to  the  100-foot  level,  through  a  vertical  distance  of  about 
300  feet.  Displacement  has  apparently  followed  the  fracturing  of 
the  granite  to  but  a  very  slight  extent.  The  ore  shoots  have  so  far 
not  been  definitely  determined,  but  their  pitch  is  apparently  to  the 
north  and  is  therefore  somewhat  flatter  than  ther  dip  of  the  veins. 
The  greater  parts  of  the  veins  seem  to  be  ore  bearing,  and  as  the  ore 
is  almost  all  of  comparatively  low  grade  the  limits  of  the  ore  shoots 
would  naturally  be  rather  poorly  defined.  If  the  intrusive  granite 
proves  to  be  in  a  broad,  thick  sheet,  as  indicated  above,  the  economic 
importance  of  the  swinging  of  the  ore  shoots  away  from  a  westerly 
direction  is  obvious. 

The  chief  ore  mineral  is  auriferous  pyrrhotite.  With  this  occurs 
a  little  pyrite  and  rarely  traces  of  chalcopyrite.  The  gold  obtained 
is  associated  not  only  with  these  minerals,  but  also  with  the  dark- 
blue  quartz.  The  gangue  is  quartz,  of  at  least  two  generations.  The 
older  or  "  blue  "  quartz  is  somewhat  glassy  and  smoky  in  appearance, 
is  dark  blue  in  color,  and  is  fairly  clouded  with  minute  inclusions  of 
liquids  and  gases  and  of  several  opaque  and  semiopaque  substances 
not  determinable  under  the  highest  powers  of  the  microscope.  This 
quartz  shows  abundant  strain  shadows  and  some  apparent  granula- 
tion and  recrystallization,  indicating  crushing  of  the  vein  matter. 
The  hand  specimen  of  ore  exhibits  the  general  appearance  of  breccia- 
tion  of  the  earlier  quartz  filling,  followed  by  the  introduction  of  the 
sulphides,  in  part  at  least,  and  by  fresh  quartz.  The  latter  is  light- 
colored,  ordinary  vein  quartz,  fairly  free  from  inclusions  and  undu- 
latory  extinction.  Near  the  walls  of  the  vein  large  foils  of  muscovite 
and  veinlets  of  tourmaline  occur  with  the  quartz,  and  the  sulphides 
are  also  present  in  the  granite  itself.  The  orthoclase  of  the  granite 
is  also  altered  in  part  to  sericite  and  includes  apatite.  The  granite 
contains  garnets  at  the  contact  with  the  slates,  where  fine  stringers  of 
quartz  and  pyrrhotite  are  found.  The  orthoclase  of  the  slates  is 
altered  to  sericite  and  the  presence  of  tourmaline  was  noted  in  thin 
sections.     Selvage  is  lacking. 

The  gold  ores  of  Hog  Mountain  have  in  practice  proved  to  be 
almost  invariably  of  low  grade.  A  number  of  assay  returns  were 
published  by  W.  B.  Phillips  «  in  1892,  and  four  of  these  were  from 
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samples  collected  by  him  at  random  from  old  dumps.  These  four 
showed  gold  2.8,  0.3,  1.1,  and  0.5  ounces;  silver,  0.8  ounce,  trace, 
trace,  and  0.2  ounce  per  ton;  and  total  values  of  $58.67,  $6.20,  $22.73, 
and  $10.53  per  ton.  Mr.  A.  F.  Hoffer  had  some  assays  made  of  Hog 
Mountain  ores  in  1886  and  1887,  "  perhaps  sixty  or  seventy,"  and, 
according  to  his  recollection,  the  values  ranged  from  $2  to  $31  and 
averaged  about  $7.50.  Extensive  sampling  underground  has  re- 
turned average  assay  values  of  $9  to  $10  per  ton;  and  99  per  cent  of 
this  is  in  gold.  Extraction,  however,  has  so  far  givea  considerably 
lower  returns  than  this.  Kicher  ore  is  occasionally  found,  but  on 
the  other  hand  the  values  have  been  at  times  as  low  as  $2  according 
to  reports  quoted  above. 

The  surface  or  "  red  "  ores  are  oxidized  and  are  largely  free-mill- 
ing. The  Barren  vein  is  so  called  from  the  fact  that  it  carried  only 
traces  of  gold  at  the  outcrop,  but  the  vein  furnishes  good  ore  below. 
At  the  present  time  the  "  blue  "  or  unoxidized  ore  is  supplying  much 
of  the  output  and  is  treated  with  the  surface  ores. 

The  free-milling  surface  ores  were  treated  in  the  early  days  by 
crude  washing  operations.  Later  a  10-^amp  California  mill  was 
erected.  A  report  from  the  St.  Louis  Sampling  and  Testing  Works, 
submitted  in  1889  as  the  result  of  a  trial  mill  run  of  a  small  lot  of 
Hog  Mountain  ore,**  showed  a  saving  by  amalgamation  of  73.7  per 
cent  of  the  gold. 

The  present  process,  worked  out  on  the  ground  during  two  years 
of  experiments  by  Mr.  T.  H.  Aldrich,  jr.,  and  Mr.  A.  P.  Kennedy, 
combines  the  rather  original  feature  of  heating  in  a  revolving  kiln  to 
350°  F.  with  coarse  crushing  and  cyaniding.  Fine  crushing  had 
been  tried  and  found  a  failure.  The  ore  is  crushed  between  two  sets 
of  rolls  to  pass  through  ^-inch  and  ^-inch  screen  slots,  and  is  then 
introduced  directly  into  a  revolving  kiln  in  which  a  temperature  of 
350°  F.  is  maintained  by  wood  firing.  From  the  kiln  the  ore  is 
trammed  direct  to  the  cyanide  vats.  The  process  is  at  present  ex- 
perimental, but  has  so  far  been  fairly  successful  both  with  the  usual 
mixture  of  two-thirds  of  "  red  "  ore  to  one-third  of  "  blue,"  and  with 
the  "  blue  "  ores  alone.  The  effect  of  the  kiln  treatment  is  not  an 
oxidizing  roast,  as  this  is  not  desired,  but  seems  to  be  the  thorough 
shattering  of  the  quartz,  due  partly  perhaps  to  increased  internal 
pressure  of  included  gases,  and  the  great  increase,  thereby,  of  poros- 
ity in  the  ore  and  of  leaching  by  the  cyanide.  As  complete  analyses 
are  not  yet  available  and  as  minute  opaque  substances  in  the  ore  are 
yet  undetermined,  intelligent  discussion  of  processes  of  treatment  is 
difficult. 

•  Phillips,  W.  B.,  op.  clt,  p.  53. 
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THE  TALLAPOOSA  MINE. 

Lying  in  the  middle  of  the  central  slate  belt,  as  Outlined  in  the 
description  of  the  Gold  Kidge  mines,  and  about  4  miles  southeast  of 
Hog  Mountain,  is  the  Tallapoosa  mine.  This  mine  is  apparently 
along  the  line  of  strike  of  the  Goldville  belt  of  gold  deposits  de- 
scribed by  Phillips  "  as  extending  from  Hillabee  Bridge  to  Goldville, 
in  Tallapoosa  County,  a  distance  of  14  miles.  The  country  rock  is  the 
Ocoee  slate,  and  the  ore  bodies  are  lens-shaped  quartz  veins  striking 
N.  23^  E.  to  N.  35°  E.  and  dipping  45°  S.  67°  E.  to  S.  55°  E.  One 
vein  only  has  been  extensively  developed.  This  is  from  6  inches  to  4 
feet  thick  and  usually  lies  between  the  walls  of  dark-blue  fine-grained 
mica  schist  or  slate,  but  here  and  there  crosses  the  planes  of  schistosity 
at  slight  angles.  The  vein  is  somewhat  banded  in  structure  and  con- 
sists in  part  of  alternating  bands  nf  white  and  dark-blue  quartz  with 
white  and  brown  mica  developed  along  parting  planes.  In  places  the 
walls  of  fine-grained  slate  contain  narrow  flattened  "  rods  "  of  quartz 
lying  with  longer  axes  parallel  to  the  strike  of  the  schistosity  and 
resembling  the  "  pipes  "  of  similar  material  and  structure  of  the  Gold 
Bidge  mines.  The  vein  swells  and  pinches,  parts  and  reunites,  but 
holds  its  persistent  strike  and  dip  fairly  well.  The  slate  walls  are  in 
many  places  much  crumpled. 

At  the  surface  the  wall  rock  is  weathered  to  reddish-brown  clay 
and  the  vein  matter  is  usually  a  rather  sandy  and  friable  white  or 
iron-stained  quartz,  with  parting  planes  of  white  mica.  The  gold  is 
free-milling  and  much  of  it  occurs  in  large  flakes  or  grains.  With 
increasing  depth  the  gold  becomes  finer  and  for  the  most  part  locked 
up  in  iron  sulphides,  although  even  below  water  level  it  is  free-milling 
in  part.  The  greater  part  of  the  work  in  this  mine  has  been  the  ex- 
traction of  the  oxidized  ores,  and  rich  pockets  have  frequently  been 
found.  The  average  value  of  the  ore  is  reported  to  be  about  $16  to 
the  ton. 

The  present  workings  consist  of  an  inclined  shaft  down  185  feet, 
from  which  drifts  have  been  laid  off  on  both  sides.  The  surface  ore 
to  water  level,  at  a  vertical  depth  of  about  40  feet,  has  been  largely 
stoped  out.  The  process  of  treatment  has  been  amalgamation,  stamp 
milling,  fine  crushing,  and  cyanidation,  and  a  modem  plant  of  solid 
construction  was  erected,  but  was  run  only  a  short  time  before  closing 
down  pending  the  company's  reorganization. 

•Phillips,  W.  B..  op.  clt,  pp.  36-48. 


THE  MINERAL  DEPOSITS  OF  THE   CERBAT  RANGE, 

BUCK  MOUNTAINS,  AND   GRAND  WASH 

CLIFFS,  MOHAYE  COUNTY,  ARIZ. 


By  F.  C.  SCHRADER. 


INTRODUCTION. 

The  field  work  forming  the  basis  of  this  p^per  was  a  reconnais- 
sance made  by  the  writer  under  the  direction  of  Waldemar  Lindgren 
from  October,  1906,  to  February,  1907.  The  purpose  of  the  work 
was  to  obtain  a  general  idea  of  the  mineral  resources  of  western 
Arizona,  concerning  which  relatively  little  has  hitherto  been  known. 
The  writer  wishes  to  express  here  his  appreciation  for  the  valuable 
assistance  he  has  received  from  mining  men  throughout  the  field, 
from  members  of  the  division  of  chemical  and  physical  research  of 
the  Survey,  and  from  Mr.  Lindgren,  who  has  also  made  the  micro- 
scopic determinations  of  the  rocks  and  ores  herein  described. 

DESCRIPTION  OF  THE  REGION. 

LOCATION. 

The  region  containing  the  deposits  here  described,  as  outlined  in 
the  accompanying  sketch  map  (fig.  1),  lies  in  the  central  part  of 
Mohave  County,  Ariz.,  on  the  main  line  of  the  Atchison,  Topeka 
and  Santa  Fe  Kailway.  It  is  bordered  on  the  west  by  Nevada  and 
California,  from  which  it  is  separated  by  Colorado  Kiver,  and  on 
the  east  by  the  Colorado  Plateau  and  similar  highlands  extending 
southward,  from  which  it  is  separated  by  the  Grand  Wash  Cliffs 
and  their  southern  continuations.  It  extends  from  a  point  near  the 
Big  Bend  of  the  Colorado  and  the  mouth  of  the  Grand  Canyon  on 
the  north  to  Mellen  and  the  southern  extremity  of  the  Black  Moun- 
tains on  the  south,  a  distance  of  90  miles.  Its  width  is  about  75  miles 
and  its  area  about  7,000  square  miles.  Most  of  the  region  is  shown 
on  the  Camp  Mohave  and  Diamond  Creek  topographic  sheets  of  the 
United  States  Geological  Survey. 
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The  principal  towns  are  Kingman,  Hackberry,  Chloride,  Gold 
Boad,  and  Vivian.  Kingman,  the  county  seat  of  Mohave  County, 
situated  on  the  railroad,  is  the  principal  distributing  point  for 
nearly  all  the  mining  districts  of  northw^tem  Arizona  and  adjacent 
parts  of  Nevada.  Chloride,  situated  about  20  miles  north  of  King- 
man and  connected  with  it  by  a  branch  railroad,  is  Ihe  principal 


KiG.  1. — Map  showing  mining  camps  in  a  part  of  western  Arizona. 

trading  point  for  the  northwestern  part  of  the  region.  Hackberry 
is  situated  in  the  eastern  part  of  the  region,  on  the  railroad;  Gold 
Road  is  in  the  western  part,  about  24  miles  southwest  of  Kingman, 
on  the  upper  west  slope  of  the  Black  Mountains;  and  Vivian  is  about 
3  miles  southwest  of  Gold  Road. 
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TOPOGRAPHY  AND  DRAINAGE. 

The  principal  topographic  features  of  this  region  are  barren 
desert  ranges  and  intervening  broad,  plainlike,  gently  sloping,  detri- 
tus-filled valleys,  the  southward  extensions  of  the  features  of  the 
Great  Basin  so  well  known  in  Nevada.  In  addition  are  the  great 
trough  of  the  Colorado  on  the  west  and  the  Grand  Wash  Cliffs  on 
the  east.  There  is  a  marked  parallelism  of  all  these  features,  and 
they  trend  a  little  north  of  west. 

The  elevation  ranges  from  500  feet  on  the  southwest,  at  Colorado 
Kiver,  to  8,266  feet  on  Hualpai  Peak,  but  the  mountains  average 
somewhat  less  than  5,000  feet  in  elevation,  and  the  valleys  about 
2,500  feet.  The  general  slope  of  the  region  is  southwestward  toward 
the  Colorado,  into  which  all  the  drainage  leads. 

The  mountains  seem  in  general  to  be  due  to  erosion,  but  portions 
are  deformational  forms  or  fault  blocks.  They  are  more  or  less 
rugged  and  largely  exhibit  the  rounded  forms  produced  by  the 
weathering  of  granite.  They  are  composed  mainly  of  a  pre-Cam- 
brian  complex  of  granitoid  and  metamorphic  rocks  and  are  flanked 
or  locally  overlain  by  Tertiary  or  younger  volcanic  rocks. 

The  ranges,  like  the  valleys,  average  10  or  12  miles  in  width  and 
their  aggregate  area  is  about  equal  to  that  of  the  valleys.  Named 
in  order  from  east  to  west  they  are  the  Grand  Wash  Cliffs,  Cerbat 
Bange,  Black  Mountains,  and  Elderado  Range.  The  first  two  are 
separated  by  Hualpai  Valley,  the  second  and  third  by  Detrital  and 
Sacramento  valleys,  and  the  last  two  by  the  great  trough  of  Colorado 
River. 

The  Grand  Wash  Cliffs,  well  developed  on  the  northeast,  mark 
the  great  fault  scarp  between  the  Colorado  Plateau  at  an  elevation 
of  6,500  feet  and  the  Hualpai  Valley  3,000  feet  below. 

The  Cerbat  Range,  which  is  somewhat  broken  above  Chloride  and 
at  Kingman,  consists  from  north  to  south  of  the  White  Hills,  the 
Cerbat  Mountains,  and  the  Hualpai  Mountains,  as  indicated  on  the 
accompanying  map.  The  Peacock  Mountains,  situated  between 
Kingman  and  Hackberry,  are  a  spur  or  outlier  of  the  Hualpai 
Mountains. 

The  Black  Mountains  lie  between  Detrital  and  Sacramento  valleys 
on  the  east  and  the  great  trough  of  the  Colorado  on  the*  west.  Their 
western  side  for  the  most  part  descends  from  an  elevation  of  5,500 
feet  at  the  crest,  in  long,  gentle,  lava  or  gravel  covered,  canyon- 
scored,  graded  slopes,  to  the  elevation  of  500  or  600  feet  at  the  river. 

Rising  from  the  great  trough  of  the  Colorado  on  the  west  to  a 
maximum  height  of  6,000  feet  along  the  eastern  border  of  Nevada, 
is  the  Eldorado  Range,  which  contains  the  Searchlight,  Eldorado 
Canyon,  and  other  producing  camps.  This  range  is  not  discussed 
in  this  paper,  the  descriptions  being  confined  to  ttie  XivLowa.  mvafc^. 
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GEOIjOGY. 

The  principal  rock  formations  of  the  region  are  the  pre-Cambrian 
complex,  the  Paleozoic  sediments,  and  the  Tertiary  volcanic  rocks, 

PRE-CAMBRIAN  ROCKS. 

The  pre-Cambrian  complex  consists  essentially  of  coarse,  in  places 
roughly  porphyritic,  granite  and  granitoid  rocks,  gneisses,  and  schists 
of  various  kinds.  It  contains  numerous  quartz  veins  and  lodes,  in 
which  occur  the  mineral  deposits  mined  in  the  Cerbat  Kange  and 
Grand  Wash  Cliffs.  Its  rocks  have  been  extensively  subjected  to 
dynamic  forces  which  have  affected  them  in  varying  degrees  in  differ- 
ent regions.  The  dominant  trend  of  the  schistosity  is  about  N.  30®  E., 
with  dip  vertical  or  eastward,  usually  at  steep  angles,  and  the  main 
jointing  strikes  north-northwest,  with  dip  vertical  or  steeply  inclined 
to  the  east-northeast.  This  latter  direction  is  also  approximately  the 
trend  of  most  of  the  fissures  containing  the  quartz  veins.  These 
rocks  are  widely  distributed.  They  largely  constitute  the  mountain 
ranges  and  underlie  the  region  as  a  whole,  forming  the  eroded,  un- 
even floor  upon  which  all  the  other  formations  rest.  They  make  up 
the  greater  portion  of  the  Grand  Wash  Cliffs,  whence  they  extend 
eastward  beneath  the  Paleozoic  rocks  of  the  Colorado  Plateau.  They 
compose  the  greater  part  of  the  White  Hills  and  practically  the  whole 
of  the  Cerbat,  Hualpai,  and  Peacock  mountains.  They  are  also  the 
principal  rocks  exposed  in  the  northern  part  of  the  Black  Mountains 
and  are  prominent  in  the  Eldorado  Range  beyond  Colorado  River. 

PALEOZOIC  SEDIMENTS. 

About  the  only  Paleozoic  sediments  of  the  area  are  the  Tonto 
(Cambrian?)  and  the  Redwall  (Carboniferous)  formations,  which 
form  the  upper  part  of  the  Grand  Wash  Cliffs  on  the  east.  At  one 
time  they  must  have  covered  the  entire  region,  from  which  they  have 
since  been  eroded. 

OLDER  INTRUSIVES. 

The  pre-Cambrian  rocks  are  locally  intruded  by  igneous  masses  and 
dikes  which  are  considerably  older  than  the  Tertiary  volcanic  rocks 
next  to  be  described,  but  whose  age  is  not  definitely  known.  The 
most  important  of  these  intrusives  are  granite  and  quartz  syenite 
porphyry. 

GRANITE. 

The  intrusive  granite  occurs  mainly  in  the  Cerbat  Mountains,  where 
it  extends  interruptedly  from  Stockton  Hill  to  Chloride,  being  practi- 
cally coextensive  with  the  mineral  belt  of  the  mountains.  The  prin- 
cipal masses,  however,  occur  in  the  Mineral  Park  district,  where  the 
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granite  forms  the  upper  part  of  a  prominent  foothill  or  knob  on  the 
northwest  known  as"  Niggerhead."  It  also  constitutes  a  considerable 
portion  of  the  mountains  on  the  opposite  side  of  the  wash  to  the 
south,  and  extends  interruptedly  throughout  the  greater  portion  of 
the  basin  eastward  for  a  distance  of  IJ  miles  into  the  slope  of  the 
range.  Its  structure  or  jointing,  well  shown  across  the  northern  part 
of  the  Mineral  Park  district,  dips  westward  at  angles  of  about  35**. 

In  a  fresh  specimen  the  granite  is  normally  a  light  gray  to  white, 
medium  to  fine  grained,  granular  aplitic  microcline  granite.  It  usu- 
ally contains  garnet  and  a  very  little  biotite.  The  rock  has  a  pro- 
nounced gneissoid  or  schistose  structure,  and  weathers  from  light 
brown  to  dark,  by  reason  of  which  it  is  not  easily  distinguishable  in 
the  field  from  its  pre-Cambrian  host. 

QUARTZ   SYENITE  PORPHYRY. 

The  quartz  syenite  porphyry  is  a  pinkish,  medium  to  coarse  grained 
rock,  composed  essentially  of  a  quartz-orthoclase  groundmass,  largely 
orthoclase,  in  which  the  quartz  occurs  in  granophyric  growths.  The 
principal  other  minerals  present  are  biotite  or  chlorite  derived  from 
biotite  and  a  small  amount  of  magnetite,  the  latter  occurring  in  small 
grains. 

This  rock  occurs  in  two  masses,  one  of  which  makes  up  the  Hardy 
Mountains,  an  outlying  group  several  miles  in  diameter,  situated 
about  2 J  miles  west  of  Gold  Road ;  the  other  occupies  an  area  of  un- 
known extent  embracing  the  hills  in  the  vicinity  of  the  Moss  mine, 
about  4  miles  northwest  of  Gold  Road. 

TERTIARY  VOLCANIC  ROCKS. 
GENERAL  OUTLINE. 

The  erosion  of  the  Paleozoic  sediments  from  the  region  was  fol- 
lowed by  the  eruption  of  a  great  mass  of  Tertiary  lavas  which  more 
or  less  completely  covered  the  entire  area.  The  present  bodies  of 
these  rocks,  ranging  from  mere  local  outcrops  to  mountain  masses 
occupying  several  hundred  square  miles  and  presenting  sections  3,000 
feet  in  thickness,  are  mere  remnants  of  the  former  vast  lava  field 
which  extended  over  the  region.  The  rocks  consist  essentially  of 
andesites,  trachytes,  rhyolites,  dacites,  and  latites  disposed  in  broad 
superimposed  flow  sheets  with  intercalated  beds  of  ash,  tuff,  and  flow 
breccia.  They  are  best  developed  in  the  Black  Mountains,  particu- 
larly in  the  southern  part,  and  contain  most  of  the  mineral  deposits 
occurring  in  that  range. 

OLDER    ANDESITE. 

The  oldest  or  basal  formation  of  the  Tertiary  volcaniic  series,  as 
exposed  in  the  Vivian  region,  is  a  light-gray,  purple,  or  i^^W^c^sscv 
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medium  to  fine  grained  tufaceous  andesite.  It  commonly  contains 
chlorite,  calcite,  and  biotite  and  is  locally  silicified  or  rhyolitic.  It 
is  at  least  several  hundred  feet  thick,  and  occupies  the  border  of  the 
foothills  extending  from  a  point  near  the  Vivian  and  'Leland  mines 
southwestward  to  the  mesa  of  the  Colorado,  1  or  2  miles  distant. 
It  is  not  known  to  contain  mineral  deposits  of  commercial  value. 
West  of  the  Leland  mine  it  is  intruded  by  dikes  of  the  green  chloritic 
andesite  next  to  be  described. 

GREEN  CHLORITIC  ANDESITE. 

Overlying  the  older  andesite  on  the  northeast  is  the  second  forma- 
tion of  the  series,  an  altered  green  andesite,  locally  known  as  "  an- 
tique porphyry."  It  is  highly  porphyritic  and  consists  essentially 
of  innumerable  phenocrysts  of  white  feldspar  about  three-eighths 
of  an  inch  in  maximum  diameter  embedded  in  a  medium  to  fine 
grained  green  chloritic  gronndniass.  It  is  locally  calcitic  or  pyritic. 
In  some  places  it  contains  a  little  quartz  and  magnetite,  and  in  others 
chalcedony-pyrite  veinlets.  In  the  unaltered  state,  however,  ex- 
posures of  which  are  few,  the  rock  is  black,  with  the  phenocrysts 
fresh  and  glassy. 

This  formation  extends  from  Vivian  northward  to  the  Mossback 
mine.  It  occupies  an  area  of  35  or  40  square  miles  and  has  a  maxi- 
mum thickness  of  800  feet.  It  is  disposed  in  heavy  beds  or  flows 
inclining  gently  eastward  into  the  range. 

UNDIFFERENTIATED    VOLCANIC    ROCKS. 

Overlying  the  green  chloritic  andesite  in  the  Gold  Road  district 
is  a  group  of  about  2,000  feet  of  as  yet  undifferentiated  volcanics 
consisting  essentially  of  andesites,  trachytes,  rhyolites,  and  latites. 
This  group  constitutes  the  bulk  of  the  range  in  this  locality  and  is 
important  economically,  as  it  contains  the  Gold  Road  vein  and  neigh- 
boring deposits.  It  extends  from  the  vicinity  of  the  Gold  Road  mine 
nearly  to  the  summit  of  the  range  and  has  produced  the  rugged 
topography  of  that  district. 

RHYOLITE. 

The  above-described  undifferentiated  rocks  are  overlain  by  the 
fourth  formation  of  the  series,  consisting  of  a  group  of  rhyolites 
composed  of  tuffs,  ash,  flows,  and  breccias.  In  some  .localities  this 
group  attains  a  thickness  of  1,000  feet  or  more.  It  extends  interrupt- 
edly throughout  the  length  of  the  Black  Mountains,  and  is  known  as 
the  "  water  rock,"  from  springs  that  occur  in  it. 

In  the  Gerbat  Range  it  essentially  composes  the  Kingman  Mesa, 
situated  between  the  Cerbat  and  Ilualpai  mountains,  and  surrounds 
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Kingman,  where  the  tuffs  seem  in  part  at  least  to  be  water-laid.  It 
also  interruptedly  borders  a  considerable  portion  of  the  western  base 
of  the  Cerbat  Mountains.  Its  dikes  cut  nearly  all  the  underlying 
volcanic  rocks  as  well  as  the  pre-Cambrian  complex. 

YOUNGER  ANDESFTE. 

Overlying  the  rhyolite  and  locally  cutting  it  as  dikes  is  the  fifth 
formation  of  the  series,  consisting  of  local  flows  of  dark-reddish 
andesite.  It  occurs  in  the  Gold  Koad  region  and  in  the  Cerbat  Moun- 
tains northwest  of  Kingman.  It  is  usually  dense,  but  is  locally 
vesicular  and  resembles  the  overlying  basalt. 

OLIVINE   BASALT. 

The  youngest  of  the  effusives  is  black  olivine  basalt.  It  occurs  in 
sheets  of  two  or  more  periods  locally  overlying  and  cutting  through 
the  older  rocks,  including  the  andesite  last  described  and  the  Quater- 
nary gravels.  It  is  usually  dense,  but  is  locally  vesicular  or  amyg- 
daloidal. 

MINERAIi  DEPOSITS. 

METALLIC  MINERALS. 

INTRODUCTION. 

The  discovery  of  metallic  mineral  deposits  in  this  region  dates  from 
early  in  the  sixties,  when  rich  gold  ore  was  found  at  what  has  since 
been  known  as  the  Moss  mine,  situated  about  4  miles  northwest  of 
Gold  Boad  near  the  old  Camp  Mohave  trail.  A  decade  later  the  dis- 
covery of  silver-gold  ore  in  the  Cerbat  Range  drew  the  attention  of 
prospectors  thither,  and  the  rich  veins  of  the  Cerbat  and  Hualpai 
mountains  were  opened.  The  ores  from  these  mines  were  so  rich 
that  large  profits  were  returned  from  them,  although  the  expense  of 
freight  and  treatment  ran  into  hundreds  of  dollars  per  ton,  owing  to 
the  fact  that  they  had  to  be  packed  long  distances  on  burros  to  Colo- 
rado River,  thence  transported  by  river  steamer  down  the  Gulf  of 
California  and  up  the  coast  to  San  Francisco,  whence  they  were 
shipped  to  England  for  treatment.  This  was  the  method  of  market- 
ing ores  until  the  advent  of  the  railroad  in  1882.  During  this  period 
the  region  was  classed  as  a  silver  camp,  until  the  decline  of  silver 
drove  prospectors  back  into  the  gold  belt  of  the  country.  Later  the 
Gold  Road  and  Vivian  mines,  to  which  the  San  Francisco  mining 
district  owes  its  present  prosperity,  were  found. 

Up  to  the  eighties,  for  want  of  transportation  facilities  and  ma- 
chinery, there  were  but  few  shafts  more  than  150  feet  deep,  although 
the  production  of  high-grade  ores  ran  well  up  into  tk*^  m\SCv^\NS.. 
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With  the  advent  of  the  railroad  a  new  mining  era  b^an  and  prac- 
tically the  first  development  work  below  water  level  was  inaugurated. 
During  the  last  few  years  the  industry  has  taken  a  new  lease  and 
many  properties  are  being  exploited  and  opened  up.  Old  and 
abandoned  mines  are  being  unwatered  and  their  dumps  tested  and 
cyanided  or  milled.  With  deeper  and  more  systematic  mining,  new 
ore  shoots  are  found,  and  the  once  ^'  low-grade  "  ore  bodies  are  utilised 
by  means  of  the  latest  improved  milling  and  value-saving  apparatus. 
This  activity,  with  the  reduction  in  shipping  rates  to  the  smiters, 
marks  an  epoch  in  the  history  of  mining  in  this  r^on  and  enables 
the  owner  to  handle  his  dump  ores  at  a  fair  profit.  In  the  early 
days  the  smelters  paid  for  silver  only,  making  no  allowance  for  the 
gold,  lead,  or  copper  contained  in  the  ore,  but  now  the  producer 
receives  pay  for  all  these  metals. 

GENERAL    CHARACTER    OF    THE    DEPOSFFS. 

The  metallic  deposits  occurring  in  the  ranges  here  described  con- 
tain gold,  silver,  lead,  copper,  zinc,  and  tungsten,  and  exhibit  con- 
siderable diversity  in  character  and  occurrence.  They  naturally  fall 
into  two  very  distinct  groups.  The  first  consists  of  quartz  fissure  veins 
containing  pyrite,  galena,  zinc  blende,  and  locally  also  arsenopyrite. 
The  sulphides  yield  principally  silver,  but  also  gold.  These  de- 
posits are  confined  chiefly  to  the  Cerbat  Range  and  usually  occur  in 
the  pre-Cambrian  rocks.  It  is  possible  that  they  are  genetically  con- 
nected with  the  intrusive  mass  of  light-colored  aplitic  granite  which 
breaks  through  the  pre-Cambrian  rocks  in  the  Cerbat  Mountains 
mainly  in  the  Mineral  Park  district.  They  are  oxidized  to  a  depth 
ranging  from  50  to  300  feet.  The  change  from  the  oxidized  to  the 
unoxidized  ore  is  not  usually  sharply  defined,  but  occurs  within  a 
zone  having  a  vertical  range  of  10  to  20  feet  or  more.  At  the  present 
time  the  sulphide  ores  are  principally  utilized.  In  the  oxidized  zone 
cerargyrite,  or  horn  silver,  is  the  principal  valuable  mineral,  but  is 
at  many  places  accompanied  by  native  silver  and  ruby  silver.  The 
water  level  is  found  at  about  400  feet  below  the  surface. 

The  second  group  comprises  the  deposits  of  the  Black  Mountains. 
They  differ  markedly  from  those  of  the  Cerbat  Kange  just  described 
in  four  important  respects.  First,  they  occur  chiefly  in  the  Tertiary 
volcanic  rocks,  especially  in  the  green  chloritic  andesite,  and  are 
younger  than  the  Cerbat  veins.  Secondly,  though  they  occur  chiefly 
in  fissure  veins,  these  veins  seem  to  have  originally  contained  a  calcite 
gangue,  which  is  still  present  in  many  of  them.  In  the  most  valu- 
able deposits,  however,  a  mineralogical  change  has  taken  place  by 
which  the  calcite  has  been  replaced  by  quartz  and  adularia.  Third, 
the  values  are  almost  exclusively  gold.     Fourth,  the  oxidation  extends 
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to  a  depth  of  600  or  700  feet,  and,  as  a  rule,  no  sulphides  are  found. 
The  general  water  level  is  probably  about  700  or  more  feet  below  the 
surfiu^e. 

The  deposits  as  a  whole  seem  to  owe  their  origin  to  mineralized, 
principally  hot-water  solutions  that  circulated  through  the  fissures 
and  fractures  they  now  occupy. 

Owing  to  the  great  number  of  the  deposits,  their  mode  of  occur- 
rence, the  "  chloriding  "  method  pursued  in  the  past  for  the  removal 
of  values,  and  the  fact  that  work  was  generally  abandoned  when 
water  was  encountered,  the  area  contains  a  large  nimiber  of  small 
mines,  which  are  either  producing  or  capable  of  becoming  produc- 
tive. In  the  following  descriptions  these  may  be  most  conveniently 
c<msidered  by  districts,  of  which  the  most  important  are  the  Chloride 
district  in  the  Cerbat  Range  and  the  Gold  Road  district  in  the  Black 
Mountains.  No  attempt  is  made  to  identify  these  areas  with  the 
legally  established  mining  districts. 

DETAILED    DESCRIPTIONS. 
CBRBAT  RANGE. 
INTRODUCTION. 

The  principal  districts  in  the  Cerbat  Range,  named  in  order  from 
north  to  south,  are  the  Gold  Basin,  White  Hills,  Chloride,  Mineral 
Park,  Cerbat,  Stockton  Hill,  McConnico,  and  Maynard.  Of  these  the 
four  most  important  are  the  Chloride,  Mineral  Park,  Cerbat,  and 
Stockton  Hill  districts.  These  are  located  in  the  middle  part  of  the 
Cerbat  Mountains,  extending  from  a  point  just  south  of  Stockton 
Hill  and  Cerbat  to  a  point  north  of  Chloride,  a  distance  of  about  12 
miles,  and  they  have  certain  features  in  common. 

The  rocks  of  this  portion  of  the  mountains,  as  described  under 
"  Geology,"  are  essentially  of  the  pre-Cambrian  complex  and  consist 
of  gray  granite,  gneissoid  granite,  and  dark  schists,  including  horn- 
blende, mica,  and  garnet  schists.  They  are  flanked  on  the  west  in 
the  Cerbat  district  by  local  areas  of  rhyolite  and  other  Tertiary  vol- 
canic rocks.  To  the  north,  through  Mineral  Park  and  toward  Chlo- 
ride, they  are  intruded  by  granite  masses.  Furthermore,  they  are 
locally  cut  by  dikes  of  pegmatite,  aplitic  granite,  diabase,  vogesite, 
kersantite,  minette,  and  rhyolite. 

The  deposits  occur  in  well-defined  fissure  veins,  of  which  there 
are  two  sets,  one  striking  about  N.  20°  or  30°  W.,  and  the  other  N. 
70®  W.,  usually  with  steep  dips.  Some  of  the  deposits  are  also  inti- 
mately associated  with  the  vogesite,  minette,  and  aplitic  dikes. 

The  croppings,  which  are  generally  prominent,  consist  of  red  or 
dark  reddish-brown  iron  and  mangancvse  stained  quartz  and  altered, 
silicified  country  rock.    Many  of  the  veins  are  frozen  to  the  walls; 
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others  are  separated  from  them  by  several  inches  of  soft  argillaceous 
or  talcose  gouge.  The  gangue  is  quartz  and  the  ores  are  sulphides 
of  silver,  lead,  copper,  and  zinc,  generally  containing  gold.  Silver 
and  lead  predominate  in  the  Chloride,  Mineral  Park,  and  Stockton 
Hill  districts,  and  gold  and  silver  in  the  Cerbat  district. 

The  ore  deposits  as  seen  in  some  mines  suggest  two  epochs  of  ore 
deposition  which  have  been  followed  by  deep  oxidation  and  sulphide 
enrichment.  The  great  depth  of  this  oxidized  ore  is  a  favorable  in- 
dication for  the  future  of  the  district.  Many  of  the  mines,  notably 
in  the  Chloride  and  Mineral  Park  districts,  which  near  the  surface 
were  silver  mines,  with  increase  in  depth  have  become  base-metal 
or  lead  mines,  and  with  greater  depths  are  becoming  cupriferous. 
The  so-called  copper  belt  of  the  area  extends  from  Mineral  Park 
northwestward  toward  Chloride,  a  distance  of  several  miles. 

CHLORIDE    DISTRICT. 

General  outline, — The  Chloride  district,  the  most  important  in 
the  region,  is  situated  about  20  miles  north-northwest  of  Kingman, 
on  the  west  slope  of  the  Cerbat  Mountains  and  the  adjacent  border 
of  Sacramento  Valley.  It  covers  an  irregular  area  about  6  miles  in 
diameter.  The  mountainous  portion  is  in  part  rugged,  and  is  scored 
by  several  deep  washes.  Within  a  distance  of  about  2  miles  the  sur- 
face descends  from  the  altitude  of  6,000  feet  at  the  crest  of  the  range 
to  about  4,000  feet  at  its  base,  where  it  meets  the  plain  of  Sacramento 
Valley. 

Chloride,  the  shipping  and  distributing  point,  is  favorably  sit- 
uated just  northwest  of  the  center  of  the  district  in  the  open  border 
of  the  valley  at  4,000  feet  elevation.  As  a  camp  it  dates  from  the 
early  sixties  and  as  a  town  from  the  early  seventies.  From  that  time 
it  continued  to  be  more  or  less  active  and  in  1899  and  1900  reached 
its  zenith,  with  a  population  of  about  2,000;  but  for  the  last  four 
or  five  years  it  has  been  very  quiet.  Several  of  the  more  important 
mines,  however,  are  in  operation  and  considerable  work  is  being 
done  on  a  score  of  other  good  properties.  Lack  of  water  has  been 
the  chief  drawback,  but  the  deeper  mines  show  that  by  sinking  wells 
plenty  of  water  can  be  obtained. 

Many  of  the  veins  are  persistent  and  have  an  extent  of  nearly  a 
mile.  The  ores  carry  principally  silver  and  lead,  with  some  gold 
and  copper.  They  have  produced  several  hundred  thousand  tons 
of  lead  and  several  millions  of  dollars  in  gold  and  silver.  Exact  fig- 
ures are  not  available. 

The  district  contains  about  20  mines,  located  mostly  in  the  lower 
slope  of  the  mountains.  Six  of  these  mines  have  been  opened  to 
depths  of  500  to  600  feet,  and  many  others  range  from  200  to  300  feet 
in  depth.     The  most  important  are  the  Tennessee,  Samoa,  Lucky 
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Boy,  Towne,  Pinkham,  Altata,  Midnight,  Minnesota-Connor,  Elk- 
hart, Schuylkill,  Juno,  and  Pay  Roll,  the  first  seven  being  the  prin- 
cipal present  producers.  Of  these  the  Samoa,  Minnesota-Connor, 
and  Tennessee  are  the  most  prominent. 

Tennessee  mine, — The  Tennessee  mine  is  located  a  mile  east  of 
Chloride,  at  the  base  of  the  mountains,  its  elevation  being  4,050  feet. 
The  country  rock  is  pre-Cambrian  gneiss,  with  granite  and  schist 
occurring  near  by.  The  gneiss  is  composed  essentially  of  sericitized 
feldspar  and  crushed  quartz.  The  mine  is  located  on  the  Tennessee 
vein,  which  further  north  has  also  been  opened  by  the  Schuylkill 
and  Elkhart  mines.  It  is  developed  to  the  depth  of  600  feet  by  two 
shafts  and  six  levels,  which  aggregate  about  5,000  feet  of  workings. 
It  produces  some  water.  The  principal  surface  improvements  are 
a  well-equipped  100-ton  concentrating  mill  and  two  steam  hoists. 

The  vein  dips  steeply  to  the  east.  The  croppings  *  show  quartz 
stained  brown  or  black  by  iron  and  manganese  oxides.  The  walls  are 
hard,  smooth,  and  regular  and  show  several  systems  of  slickensiding. 
In  places  the  vein  itself  is  fissured.  The  ore  contains  the  sulphides 
of  lead,  zinc,  and  iron,  carrying  silver  values  and  some  gold  and  cop- 
per. Its  average  run  of  mine,  omitting  zinc,  is  about  as  follows: 
Lead,  20  to  70  per  cent,  concentrates  75  per  cent;  silver,  8  ounces, 
concentrates  25  ounces;  gold,  small  amount;  copper,  some  in  deep 
part  of  mine.  Of  the  output  about  one-third  is  high-grade  shipping 
ore;  the  remainder  is  milled. 

The  mine  has  been  productive  from  the  surface.  Thousands  of 
tons  of  rich  galena  have  been  shipped  to  the  smelter  from  the 
upper  400  feet.  Here  the  ore  shoot  had  a  horizontal  extent  of 
about  250  feet,  and  was  locally  15  feet  in  width.  There  is  ^ill 
much  good  ore  in  this  section  of  the  mine.  On  the  400-foot  level 
solid  galena  was  mined  for  a  vein  width  of  21  feet  and  5  inchies, 
extending  horizontally  for  about  40  feet.  From  the  fourth  to  the 
fifth  level  there  is  a  decrease  in  the  value  of  the  ore  due  to  local 
increase  of  zinc,  but  from  the  fifth  to  the  sixth  level  the  ore  again 
contains  more  lead.  The  500-foot  level  contains  good  ore  for  a 
distance  of  800  feet  and  the  upraise  from  it  yields  much  solid  galena. 
Toward  the  end  of  the  200- foot  drift  north,  on  the  600- foot  level,  the 
vein  now  shows  about  as  follows  beginning  on  th§  hanging-wall 
side :  Good  ore  with  quartz  coming  in  toward  hanging  wall,  2  feet  9 
inches ;  milky  quartz  waste,  8  inches ;  fair-grade  ore  with  bunches  or 
lenses  of  feldspar  and  quartz,  7  feet.  It  is  stated  that  the  tailings  on 
the  dump  contain  much  zinc  blende  which  can  be  recovered  by  con- 
centration. The  ore  is  shipped  to  the  smelter  at  Needles,  on  Colorado 
River,  or  to  Deming,  in  southwestern  New  Mexico. 

Samoa  mine.— The  Samoa  mine  is  situated  3^  miles  east  of  Chlo- 
ride, near  the  crest  of  the  range,  at  an  elevation  of  about  6,000  feet. 
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It  is  developed  to  a  depth  of  about  400  feet  by  tunnels,  shafts,  and 
drifts,  aggregating  over  3,000  feet  of  underground  work.  It  pro- 
duces some  water.  The  principal  surface  improvements  are  two 
well-equipped  power  plants,  with  gasoline  engines,  aggregating  about 
90  horsepower,  for  operating  the  steam  and  air-compressor  drills 
and  the  hoists.  The  country  rock  is  principally  dark  medium- 
grained  biotite  granite  of  pre-Cambrian  (?)  age.  It  is  intruded 
by  the  light  aplitic  granite  near  by.  There  are  six  veins,  which 
strike  nearly  north  and  are  either  vertical  or  dip  steeply  to  the  east. 
Of  these  the  principal  producer,  known  as  No.  3,  is  about  4  feet  thick 
and  its  ore  shoot  ranges  from  1  to  30  inches  in  width.  The  ore  con- 
tains gold  and  silver,  some  galena,  pyrite,  zinc  blende,  and  here  and 
there  a  little  molybdenum.  As  shown  by  the  smelter  return  sheets 
from  1903  to  1906  inclusive,  it  averages  about  as  follows:  Gold,  IJ 
ounces ;  silver,  15  ounces  per  ton ;  lead,  8  per  cent ;  and  zinc,  5  to  8 
per  cent.  The  total  production  has  been  about  $180,000.  The  pres- 
ent rate  of  output  is  about  90  tons  per  month.  The  ore  is  shipped 
principally  to  the  Needles  smelter. 

Townc  mine, — The  Towne  mine  is  situated  IJ  miles  southeast  of 
Chloride,  in  the  Sacramento  Valley  about  one-half  mile  from  the 
base  of  the  mountains.  It  is  developed  by  six  shafts  and  drifts.  It 
produces  considerable  water.  The  country  rock  is  pre-Cambrian 
schist.  A  vogesite  dike  is  associated  with  the  vein  on  the  foot- wall 
side.     The  vein,  which  is  3  to  8  feet  wide,  dips  steeply  to  the  north. 

The  gangue  is  quartz  and  the  ore  shoot,  ranging  from  3  to  18  inches 
in  width,  averages  about  5  inches  and  favors  the  foot-wall  or  dike 
side  of  the  vein.  The  ore  contains  silver,  gold,  copper,  lead,  and  zinc 
and  runs  about  $200  per  ton  mostly  in  gold  and  silver.  The  produc- 
tion from  1882  to  1906  was  about  $100,000. 

Pinkham  mine, — The  Pinkham  mine,  perhaps  the  most  important 
copper  mine  of  the  region,  is  located  about  2  miles  southeast  of  Chlo- 
ride, near  the  foot  of  the  mountains.  It  is  developed  by  a  250-foot 
shaft  and  five  levels  containing  about  1,000  feet  of  drift  and  crosscuts. 
It  contains  considerable  water.  The  principal  surface  equipments 
are  a  steam  hoist  and  two  smelters,  one  coke  and  one  oil,  both  recently 
installed.  The  country  rock  is  pre-Cambrian  granite.  The  vein  is 
about  12  feet  in  width.  It  strikes  N.  30°  W.  and  is  nearly  vertical. 
The  ore  occurs  in  elongated  lentils  and  chimneys.  It  is  mostly  chal- 
copyrite  and  bornite  associated  with  iron  sulphide,  and  averages  about 
3  per  cent  of  copper  and  18  ounces  per  ton  of  silver. 

Midnight  mine, — In  the  Midnight  mine,  situated  near  the  Pinkham 
mine,  the  vein  is  less  well  defined  than  the  Pinkham  vein  and  con- 
tains considerable  zinc.  A  recent  carload  shipment  of  the  ore  ran 
silver  60  ounces  per  ton,  copper  4.5  per  cent,  and  gold  $2.50  per  ton. 
The  production  under  the  present  management  is  reported  to  be  100 
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tons  of  shipping  ore,  averaging  $50  per  ton,  and  2,000  tons  of  mill- 
ing ore,  containing  values  of  about  $10  per  ton. 

In  association  with  the  Pinkham  and  Midnight  deposits  or  cut- 
ting the  pre-Cambrian  rocks  near  by  are  microcline  granite  and  dia- 
base dikes. 

MINERAL    PARK    DISTRICT. 

General  outline. — ^The  Mineral  Park  district  lies  about  4  miles 
southeast  of  Chloride,  mainly  in  a  basin  several  miles  in  diameter, 
between  the  elevations  of  4,000  and  5,000  feet.  The  drainage  issues 
westward  into  the  Sacramento  Valley,  mostly  through  Mineral  Park 
Wash.  Chloride  is  the  principal  supply  point,  but  ore  and  heavy 
freight  are  hauled  direct  to  the  railroad  3  miles  west. 

The  first  locations  were  made  in  1870,  when  considerable  ore  was 
soon  taken  out  and  shipped  to  the  Selby  smelter  at  San  Francisco,  at 
a  cost  for  freight  of  $125  per  ton.  Production  continued  more  or 
less  active  until  1882,  since  which  time  it  has  been  small,  only  a  few 
of  the  mines  being  worked. 

The  pre-Cambrian  complex  is  here  intruded  by  the  Mineral  Park 
mass  of  aplitic  granite  and  by  dikes  of  rhyolite,  diabase,  and  minette. 
The  deposits  contain  gold,  silver,  lead,  and  copper,  which  usually 
occur  together,  mostly  in  fissure  veins  or  lodes,  some  of  which  are 
extensive.  The  mines,  numbering  about  20,  are  small.  Few  of  them 
exceed  300  feet  in  depth  or  1,000  feet  in  amount  of  underground 
work.  Some  of  the  principal  ones  are  the  Rural,  Buckeye,  Ark, 
Queen  Bee,  Tyler,  Keystone,  Fairchild,  Metallic,  Accident,  Lady 
Bug,  Standard,  and  Golden  Star.  The  most  important  producers 
at  present  are  the  Keystone,  Tyler,  and  Queen  Bee. 

Keystone  mine. — The  Keystone  mine  is  situated  on  open  ground, 
about  one-fourth  mile  east  of  Mineral  Park.  It  is  developed  mainly 
by  a  450-foot  shaft  and  500  feet  of  drifts,  mostly  down  to  the  150- 
foot  level,  above  which  the  greater  part  of  the  ore  is  worked  out. 
The  principal  country  rock  is  aplitic  granite.  The  vein  dips  steeply 
to  the  north.  The  ore  occurs  mostly  as  lenses  about  1  foot  wide  in 
a  quartz  gangue.  It  contains  silver,  copper,  zinc,  and  iron,  the  bet- 
ter grade  running  200  ounces  per  ton  in  silver,  some  of  which  is 
glance;  2^  per  cent  of  copper;  8  or  10  per  cent  of  zinc;  and  about  12 
per  cent  of  iron.  Ijocally  it  is  irregularly  banded  toward  the  out- 
side of  the  lenses.  It  is  richest  where  the  vein  pinches.  The  ore 
averaging  $20  or  more  per  ton  is  shipped  to  the  Humboldt  smelter. 
None  lower  than  this  grade  is  handled.  The  output  is  about  20  tons 
per  month.  As  most  of  the  ore  runs  $12  to  $15  per  ton,  it  should 
be  milled  on  the  ground.     The  total  production  is  stated  to  be  $50,000. 

Tyler  min^.— The  Tyler  mine  is  located  2J  miles  southeast  of  Min- 
eral Park,  near  the  summit  of  the  range,  on  a  steep  northeast  slope. 
47076— Bull.  340—08 5 
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It  is  developed  by  crosscut  tunnels  and  drifts,  mostly  within  a  verti- 
cal range  of  100  feet.  The  country  rock  is  sheared  pre-Cambrian 
biotite  granite.  The  vein  has  a  width  of  about  40  feet,  and  dips 
steeply  southwestward  into  the  mountain.  It  seems  to  consist  mainly 
of  an  altered  and  replaced  crushed  aplitic  granite  or  rhyolite  dike. 
The  values  favor  the  foot-wall  side  of  the  vein,  being  greatest  near 
its  contact  with  the  granite.  This  mine  produces  gold-silver-lead 
ore.  The  last  carload  shipment  made  at  the  time  of  the  writer's 
visit  averaged:  Gold  3.16  ounces  and  silver  8  ounces  per  ton,  and 
lead  17.5  per  cent. 

Rural  and  Buckeye  mines. — These  two  mines  are  located  in  the 
northeastern  part  of  the  Mineral  Park  district,  at  an  elevation  of 
about  5,000  feet.  They  are  but  a  few  hundred  feet  apart  and  are 
situated  on  the  same  vein,  the  Rural  being  on  the  west  and  the  Buck- 
eye on  the  east  side  of  the  same  gulch.  The  principal  developments 
in  the  Rural  consist  of  a  200-foot  shaft  and  about  100  feet  of  drift, 
and  in  the  Buckeye  of  750  feet  of  drift,  toward  the  face  of  which 
the  vein  is  faulted  off  to  the  north  by  a  lateral  throw  of  about  75 
feet.  The  Rural  shaft  contains  water.  The  vein  in  the  Rural  mine 
dips  southward  at  angles  of  about  80°,  but  in  the  Buckeye  it  dips 
to  the  north  at  angles  of  about  70°.  It  is  2  to  8  feet  thick  and  is 
associated  with  a  dike  of  the  aplitic  granite  intruded  into  the  country 
rock,  which  is  pre-Cambrian  schist.  It  locally  shows  a  4-inch  to 
20-inch  ore  shoot,  mostly  iron  and  copper  pyrites,  with  streaks  of 
arsenopyrite,  black  oxide  of  manganese,  and  some  chert  and  quartz, 
the  quartz  being  more  prominent  in  the  Buckeye  than  in  the  Rural. 
The  walls  are  generally  frozen.  The  ore  contains  silver,  gold,  and 
copper,  with  the  values  high  in  gold. 

Golden  Star  mine. — The  Golden  Star  (formerly  Lone  Star)  mine 
is  located  about  a  mile  northeast  of  Mineral  Park,  on  open  ground. 
It  produced  rich  sulphides  of  silver,  containing  gold  and  lead,  from 
1870  until  1902,  when  the  ore  seems  to  have  fallen  off  in  grade  and 
become  base  and  refractory.  The  mine  is  developed  principally  by 
a  shaft  300  feet  in  depth  and  two  levels,  with  600  feet  of  drift  on 
each  level.  The  ore  is  stoped  down  to  the  100- foot  level.  The  vein 
dips  steeply  to  the  south.  It  is  2  to  4  feet  in  width,  and  the  ore 
is  all  low  grade.     The  total  production  is  stated  to  be  $375,000. 

Ark  and  San  Antonio  mines. — The  Ark  mine,  located  about  2  miles 
southwest  of  Mineral  Park  at  the  west  base  of  the  mountains,  is 
developed  by  a  250-foot  shaft  and  three  levels,  comprising  about  1,300 
feet  of  workings.  It  produces  considerable  water.  The  vein,  which  is 
5  or  6  feet  in  width,  dips  steeply  to  the  northeast.  The  ore  is  of  a 
sulphide  character  and  contains  gold,  silver,  and  copper.  It  runs 
about  175  ounces  of  silver  and  3.15  ounces  of  gold  per  ton.  The 
production  is  about  $150,000.  Adjacent  to  the  Ark  mine  is  the  San 
Antonio,  which  has  produced  $75,000. 
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CEBBAT   DISTRICT. 

General  outUne.-^The  Cerbat  district,  an  area  about  4  miles  in 
diameter,  is  situated  south  of  the  Mineral  Park  district,  in  the  foot- 
hills at  an  elevation  of  3,500  to  5,000  feet,  3  miles  east  of  the  Arizona 
and  Utah  Railroad.  It  has  produced  more  than  $2,000,000.  It  is 
drained  principally  by  Cerbat  Wash,  which  leads  westward  into 
Sacramento  Valley.  The  mines  north  of  this  wash  are  gold  bearing ; 
those  to  the  south  yield  silver  and  lead.  The  principal  mines  are  the 
Golden  Gem,  Vanderbilt,  Champion,  Oro  Plata,  Paymaster,  Cerbat, 
New  London,  St.  Louis,  Flores,  and  Twins,  the  three  first  named 
being  among  the  most  important  present  producers. 

Golden  Gem  mine. — The  Golden  Gem  mine,  located  on  Cerbat 
Wash,  is  developed  principally  by  a  430-foot  shaft  and  four  levels 
comprising  1,200  feet  of  drift  and  stopes.  The  stoping  is  on  the  130- 
foot  level,  and  extends  166  feet  horizontally  and  from  62  to  81  feet 
vertically.  This  mine  yields  considerable  water.  The  vein  dips 
steeply  to  the  northeast.  It  ranges  from  6  to  14  feet  in  width,  and 
usually  carries  2  to  6^  feet  of  pay  ore  running  from  $10  upward  per 
ton.  The  values  favor  the  foot  wall.  The  gangue  is  quartz.  The 
ore  is  gold  ore  and  carries  also  silver,  locally  60  ounces  per  ton,  lead  5 
to  6  per  cent,  antimony  and  zinc  a  trace,  and  some  iron  pyrites.  The 
production  to  date  is  $190,000.  A  40-ton  mill  is  now  turning  out 
about  $350  worth  of  concentrates  a  day  from  ore  formerly  left  on  the 
dump. 

Idaho  mine. — ^The  Idaho  mine  adjoins  the  Golden  Gem  on  the 
west,  and  the  ore  is  similar  to  the  Golden  Gem  ore.  The  mine  has 
been  worked  in  a  small  way  since  1871,  and  the  total  production  is 
reported  to  be  about  $200,000. 

Cerbat  mine. — ^The  Cerbat  mine,  located  about  a  mile  northeast  of 
the  Golden  Gem  mine,  is  200  feet  in  depth.  The  vein  is  4  to  10  feet 
thick,  and  the  total  production  is  stated  to  be  about  $300,000  in  gold 
and  silver. 

Paymaster  mine. — In  the  Paymaster  mine,  about  1\  miles  north- 
east of  the  Golden  Gem  mine,  the  vein  dips  steeply  to  the  north.  The 
ore  contains  silver  and  gold,  runs  high  in  values,  and  carries  much 
ruby  silver.  The  production  .to  date  is  said  to  be  $200,000.  Con- 
siderable water  is  found  in  this  mine. 

Oro  Plata  mine. — The  Oro  Plata  mine,  located  about  a  mile  north- 
east of  the  Paymaster  mine,  is  280  feet  deep  and  is  developed  by 
about  7,000  feet  of  underground  work.  It  produces  considerable 
water.  The  pre-Cambrian  country  rock  is  here  intruded  by  the 
aplitic  granite.  The  ore  values  are  chiefly  in  gold  and  sulphide  of 
silver,  with  locally  spme  lead.  They  run  about  $37  per  ton.  The 
total  production  is  given  as  $500,000. 
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STOCKTON    HILL  DISTBICT. 

General  outline. — The  Stockton  Hill  district  joins  the  Cerbat  dis- 
trict on  the  east,  being  situated  on  the  opposite  slope  of  the  moun- 
tains, about  10  miles  north  of  Kingman.  It  is  about  4  miles  in  di- 
ameter and  ranges  from  3,500  to  5,500  feet  in  elevation.  It  is  gener- 
ally rough,  but  the  mines  are  all  accessible  by  wagon  roads,  in  the 
main  of  easy  grade.  The  drainage  issues  eastward  into  Hualpai 
Valley.  The  principal  camp  is  Stockton  Hill,  situated  in  the  eastern 
part  of  the  district.  The  veins  in  general  strike  northwestward. 
The  district  contains  about  10  mines,  of  which  the  principal  are  the 
Banner  Group,  Treasure  Hill,  Little  Chief,  Cupel,  Prince  George, 
De  la  Fontaine,  C.  O.  D.,  and  '63. 

Banner  Group  mine. — The  Banner  Group  mine  is  situated  near  the 
center  of  the  district.  It  is  developed  by  more  than  2,000  feet  of 
underground  work,  including  the  "  tunnel "  or  drift,  which  extends 
in  1,600  feet  on  the  vein.  The  vein  dips  steeply  to  the  northeast.  It 
is  6  to  8  feet  in  width,  and  the  ore  shoot  is  2  to  2^  feet  thick  and 
favors  the  foot- wall  side.  In  some  localities  the  ore  consists  of  pure 
galena,  but  usually  it  contains  gold,  silver,  zinc,  iron,  and  copper,  the 
gold  in  places  amounting  to  several  ounces  per  ton.  The  amount  of 
zinc  increases  in  the  deeper  north  portion  of  the  mine.  The  produc- 
tion is  reported  to  be  many  thousand  dollars  in  gold,  silver,  and  lead, 
the  zinc  thus  far  being  culled  and  left  on  the  dump.  The  ore  is 
shipped  to  the  Needles  smelter. 

Treasure  Hill  mine. — The  Treasure  Hill  mine  is  located  in  the  foot- 
hills in  the  southeastern  part  of  the  district.  It  is  developed  by  in- 
clined shafts  and  drifts,  and  yields  a  large  supply  of  good  water. 
The  veins,  six  in  number,  dip  steeply  to  the  northeast.  They  average 
about  5  feet  in  thickness  at  the  surface  and  widen  downward.  They 
are  associated  with  what  seems  to  be  a  small  stock  of  the  aplitic 
granite,  and  the  two  next  to  it  are  now  being  worked.  The  ore  favors 
the  hanging  wall  and  occurs  in  shoots  100  to  200  feet  in  extent,  with 
intervening  clay  or  talcose  gouge  and  sulphides.  It  runs  about  100 
ounces  of  silver  and  $5  to  $16  in  gold  per  ton,  and  7  to  10  per  cent  of 
lead.     The  total  production  is  stated  to  be  $100,000. 

Cupel  mine. — The  Cupel  mine  is  situated  at  Stockton  Hill  camp. 
It  is  now  being  reopened  and  an  excellent  200-ton  mill  and  plant  of 
the  Joplin  type  have  just  been  installed.  It  is  developed  to  a  depth 
of  400  feet,  principally  by  shafts,  drifts,  and  stopes,'and  is  said  to 
yield  about  25,000  gallons  of  water  per  day.  It  is  located  on  three 
veins,  whose  general  trend  is  northerly.  The  ore  in  general  contains 
ruby  and  horn  silver,  together  with  black  sulphide  of  silver,  but  in 
some  places  is  rich  in  high-grade  galena  and  carries  about  $5  per  ton 
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in  gold.  About  2,000  tons  of  ore  said  to  run  from  $6  to  $7  per  ton  lie 
on  the  dump.    The  production  to  date  is  reported  to  be  about  $500,000. 

Prince  George  mine. — The  Prince  George  mine,  located  about  one- 
fourth  mile  southeast  of  the  Cupel  mine,  is  developed  by  a  180-foot 
shaft  and  drifts,  and  is  said  to  yield  about  2,000  gallons  of  water  a 
day.  The  vein  dips  steeply  to  the  north  and  is  about  12  feet  thick. 
The  total  production  is  about  $100,000. 

De  la  Fontaine  mine. — ^The  De  la  Fontaine  mine,  located  at  the 
west  side  of  the  district,  on  the  crest  of  the  range,  is  400  feet  deep, 
and  comprises  about  1,400  feet  of  drift.  The  vein  is  7  to  10  feet  in 
width,  and  dips  steeply  to  the  north.  The  ore  runs  about  35  per  cent 
in  lead  and  zinc,  and  contains  some  gold.  Good  ore  bodies,  2  to  4  feet 
thick  and  of  considerable  extent,  are  blocked  out  in  the  lower  300  feet 
of  the  mine. 

''63  mine. — The  '63  mine,  located  in  the  southern  part  of  the  district, 
is  200  feet  deep  and  is  stated  to  have  produced  a  total  of  $500,000, 
mostly  in  rich  silver  ore. 

Little  Chief  mine. — The  Little  Chief  mine,  located  one- fourth  mile 
west  of  Stockton  Hill  camp,  is  about  100  feet  deep  and  contains  about 
1,000  feet  of  underground  work.  The  vein,  supposed  to  be  one  of  the 
veins  of  the  Treasure  Hill  mine  already  described,  dips  steeply  to  the 
northeast.  The  production,  amounting  to  many  thousand  dollars,  is 
all  shipping  ore,  averaging  in  silver  about  350  ounces  and  in  gold  5 
to  10  ounces  per  ton,  with  8  to  40  per  cent  of  lead. 

C.  O.  D.  mine. — ^The  C.  O.  D.  mine,  located  2\  miles  north  of  Stock- 
ton Hill  camp,  in  the  upper  part  of  C.  O.  D.  Gulch,  is  developed  by  a 
shaft  400  feet  deep,  drifts,  and  stopes,  on  and  between  two  main  and 
two  subordinate  levej^,  aggregating  in  all  about  2,500  feet  of  under- 
ground work.  The  principal  surface  equipments  consist  of  a  50-ton 
concentrating  mill  and  engines.  The  vein  dips  steeply  northward, 
and  is  about  7  feet  thick.  The  ore,  whose  principal  value  is  in  silver, 
runs  about  as  follows:  Silver,  160  ounces  per  ton;  gold,  2  ounces  per 
ton ;  lead,  12  per  cent;  with  some  zinc  and  a  little  copper.  Except  the 
low-grade  ore,  it  is  mostly  worked  out  for  a  distance  of  about  400 
feet  on  either  side  of  the  main  shaft,  beyond  which  good  ore  is  re- 
ported. The  mine  closed  down  late  in  1904  and  is  now  full  of  water. 
The  total  production  is  reported  and  in  part  verified  by  smelter  return 
sheets  to  be  $1,300,000,  that  of  silver  alone  amounting  to  about 
$1,000,000. 

GOLD  BASIN   DISTBICT. 

The  Gold  Basin  district  is  situated  in  the  eastern  part  of  the  White 
Hills,  in  the  Gold  Basin  mining  district.  It  extends  over  a  hilly  area 
about  6  miles  in  diameter,  sloping  and  draining  to  Hualpai  Wash  on 
the  east,  and  ranges  from  2,900  to  5,000  feet  in  elevation.    The  water 


70 


CONTRIBUTIONS  TO  ECONOMIO  GEOLOGY,  1907,  P4BT  I. 


supply  is  scanty.    The  nearest  railway  station  is  Hackberry,  40  miles 

to  the  south. 

The  deposits  are  mainly  fissure  veins  in  tlie  pre- Cambrian  ^ani- 
toid  rocks.  They  dip  southeastward  or  northwestward,  mainly  at 
angles  of  40°  to  70°*  The  gangue  is  quartz,  and  the  metal  is  goldj 
mostly  free-milling,  but  it  is  locally  associated  with  lead  or  copper, 
copper  stain  telng  a  good  index  of  gold  values* 

The  principal  mines  are  the  Eldorado,  Excel siofj  Golden  Rule,  Jim 
Blaine,  Never-getleft,  O-  K,,  and  Cyclopia  They  are  developed 
chiefly  by  shafts  (some  250  feet  deep),  drifts,  and  tunnels.  The  pro- 
duction of  the  district  is  given  as  about  $100,000,  of  which  about 
$65,000  came  from  the  Eldorado  mine  and  $25,000  from  the  O,  K* 

WHITE    HILLS  DlSTRtCT, 

The  White  Hills  district,  about  2  miles  in  diameter,  is  a  part  of 
the  Indian  Secret  mining  district.  It  lies  28  miles  north  of  Chloride, 
in  the  western  border  of  the  White  Hilis^  at  an  elevation  of  *i,000 
feet  It  drains  westward  into  Detrital  Valley,  and  the  camp*  IVliite 
Hills,  is  situated  in  the  main  wash  in  the  southern  part  of  the  district. 
The  country  rock  is  pre-Cambrian  granitoid  gneiss.  It  dips  east- 
ward and  is  flanked  or  overlain  on  the  east  by  the  Tertiar}^  volcanic 
rocks,  which  in  turn  are  capped  by  younger  basalL 

The  deposits  are  quartz  veins,  some  of  which  are  blanket  veins. 
They  are  about  5  feet  in  average  width,  and  dip  to  the  northeast  at 
angles  of  20**  to  70*^,  The  ore  is  mostly  silver  chloride,  much  of  it 
horn  silver,  with  local  values  in  gold* 

The  developments,  some  of  which  extend  nearly  1,000  feet  in  depth, 
consist  of  inclineSj  shafts,  and  drifts,  aggregating  probably  more 
than  10,000  feet.  A  plentiful  supply  of  good  water  is  usually  reached 
at  the  depth  of  400  to  000  feet.  Tiie  district  contains  12  or  15  minesj 
of  which  the  most  important  are  situated  within  three-fourths  of  a 
mile  of  the  camp,  but  only  a  few  of  the  smaller  ones,  located  in 
the  noilhern  part  of  the  district,  are  now  worked.  The  camp  has 
a  well-equipped  40-stamp  milL  Mineral  was  first  discovered  here 
in  1892  and  the  camp  soon  reached  its  zenith,  with  a  population  of 
about  1,200,  but  has  been  almost  deserted  since  the  decline  in  the 
market  value  of  silver.  The  total  production,  which  is  known  to  be 
large^  is  reported  to  be  about  $3,000,000. 

M-COHITICO  mSTKlCT. 

The  McConnico  district  is  situated  about  6  miles  southwest  of 
Kingman,  east  of  McConnico  station  on  the  Santa  Fe  Railway,  in 
the  border  of  Sacramento  Valley  and  the  adjacent  foothills  and 
scarp  of  Kingman  Mesa,  between  the  elevations  of  2,800  and  3,500 
feet.    It  trends  north  and  south  and  has  a  length  of  about  4  miles. 
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The  country  rock  is  pre-Cambrian  granite,  which  in  the  valley 
portion  of  the  district  is  covered  by  wash  debris. 

The  ore  deposits  are  contained  principally  in  gold-bearing  pegma- 
tite dikes  and  shear  zones,  cutting  the  granite  in  a  northerly  direc- 
tion and,  in  some  places,  associated  with  later  basic  intrusives.  The 
principal  deposits  are  those  of  the  Bimetallic  mine,  the  McKesson 
Group,  and  the  Boulder  Creek  Group. 

MATNABD  DISTRICT. 

The  Maynard  district  is  an  indefinite  area  in  the  Hualpai  Moun- 
tains, 10  miles  or  more  southeast  of  Kingman,  in  which  strong  and 
persistent  veins,  similar  to  those  in  the  Cerbat  Mountains,  occur, 
mostly  in  pre-Cambrian  red  granite.  Among  the  most  important  of 
these  veins  are  the  American  Flag,  Enterprise,  Great  Eastern  Group, 
and  Siamese  Group.  The  ore  shoots,  usually  rich,  range  from  an 
inch  to  3  feet  in  thickness.  The  ore  is  principally  horn  silver,  but 
that  of  the  Siamese  Group  is  promising  in  copper.  Water  can  be 
derived  from  most  of  the  mines  and  pine  timber  suitable  for  mining 
grows  near  by. 

Other  metals  reported  to  occur  in  the  Hualpai  Mountains  are 
molybdenite,  found  in  association  with  copper,  and  native  quicksilver, 
associated  with  lead  carbonate.  Just  beyond,  in  the  Aquarius  Range, 
s^bout  50  miles  from  Kingman,  is  a  tungsten  mine  which  annually 
produces  25  ton^^  tungsten  ore,  worth  $400  per  ton  at  Kingman, 
whence  it  is  shipped. 

GRAND  WASH  CUFFS. 

The  principal  districts  in  the  Grand  Wash  Cliffs  are  Music  Moun- 
tain and  Lost  Basin. 

MUSIC   MOUNTAIN   DISTBICT. 

The  Music  Mountain  district,  about  3  miles  in  diameter,  lies  about 
25  miles  north  of  Hackberry,  in  the  foothills  of  the  range,  between 
3,000  and  4,000  feet  in  elevation.  '  The  country  rock  is  the  pre-Cam- 
brian (?)  granitoid  complex  and  it  is  intruded  by  dikes  and  masses, 
mostly  basic. 

The  deposits  occur  in  several  quartz  fissure  veins,  which  dip  steeply 
to  the  northeast.  The  most  important  is  the  Ellen  Jane  vein,  about  4 
feet  in  average  width,  on  which  the  Ellen  Jane  mine  is  located.  This 
mine  is  developed  principally  by  a  main  shaft  200  feet  deep  and  two 
levels,  containing  about  300  feet  of  drifts,  and  by  600  feet  of  adit 
drifts.  It  produces  about  5  barrels  of  potable  water  per  day.  The 
ore  shoot  is  from  4  to  6  inches  thick  and  the  ore  is  said  to  run  $200 
to  $300  in  gold  per  ton. 
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LOST  BASIN  DISTRICT. 

The  Lost  Basin  district  lies  in  the  northern  part  of  the  region, 
between  Hualpai  Wash  on  the  west  and  Pierce  Mill  Canyon  on  the 
cast. 

The  principal  deposits  are  located  about  7  miles  northeast  of  Gold 
Basin,  between  2,000  and  3,000  feet  in  elevation.  They  trend  east 
and  west  and  extend  for  about  6  miles.  They  occur  principally  in 
the  pre-Cambrian  rocks,  in  quartz  fissure  veins,  of  which  there  are 
two  sets.  Those  on  the  west  trend  northward,  with  a  steep  easterly 
dip,  and  are  principally  gold  bearing;  those  on  the  east  trend  west- 
northwestward  and  are  chiefly  copper  bearing.  The  nearest  water 
supply  is  Colorado  River  at  Scanlon  Ferry,  7  miles  to  the  north. 

BLACK  MOUITTAIirS. 
INTRODUCTION. 

The  deposits  of  the  Black  Mountains,  as  stated  elsewhere,  differ 
markedly  from  those  of  the  Cerbat  Range,  in  that  they  occur  chiefly 
in  the  Tertiary  volcanic  rocks.  Their  gangue  is  chiefly  calcite  or 
calcite  replaced  by  quartz  and  adularia;  they  are  deeply  oxidized 
and,  as  a  rule,  contain  no  sulphides ;  and  their  values  are  almost  ex- 
clusively gold,  there  being  usually  no  base  metals  present. 

The  districts  in  the  Black  Mountains,  named  from  north  to  south, 
are  the  Eldorado  Pass,  Gold  Bug,  Mocking  Bird,  Virginia,  Pilgrim, 
Union  Pass,  Gold  Road,  Vivian,  and  Boundary  Cone.  Of  these  the 
most  important  is  the  Gold  Road  district.  The  two  first  named  are 
in  the  Eldorado  Pass  Mining  District,  the  next  two  are  in  the  Weaver 
mining  district,  and  the  Gold  Road  and  Vivian  in  the  San  Francisco 
mining  district. 

ELDORADO  PASS  DISTRICT. 

The  Eldorado  Pass  district,  an  area  about  2  miles  in  diameter,  is 
located  west  of  White  Hills  at  Eldorado  Pass  on  the  road  leading 
to  Eldorado  Canyon,  at  an  elevation  between  2,500  and  3,000  feet. 

The  topography  is  one  of  gentle  relief.  The  country  rock  is  the 
pre-Cambrian  granite,  and  it  is  intruded  and  locally  overlain  by  the 
Tertiary  volcanic  rocks.  The  principal  properties  are  the  Burrows, 
Bagg,  Young,  and  Pauly.  They  are  in  the  prospect  stage,  but  have 
produced  some  gold,  the  production  of  the  Burrows  being  reported 
to  be  about  $10,000.  The  metals  of  the  three  first  named  are  gold 
and  silver  in  quartz  veins,  and  the  Pauly,  which  seems  to  be  at  the 
contact  between  the  granite  and  the  volcanic  rock,  contains  princi- 
pally copper. 

GOLD    BUG    DISTRICT. 

The  Gold  Bug  district  is  situated  near  the  summit  of  the  range 
about  3  miles  south  of  Eldorado  Pass.    The  only  mine  is  the  Gold 
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Bug  mine,  which  is  developed  by  several  shafts  and  drifts  to  the 
depth  of  300  feet. 

The  deposits  consist  chiefly  of  two  main  veins  situated  about  22  feet 
apart  in  minette  or  andesitic  tuflf  similar  to  that  at  the  Mocking  Bird 
mine.  (See  below.)  The  veins  dip  steeply  to  the  northeast.  The  ore 
is  rich  gold-bearing  quartz  with  a  little  silver.  It  favors  the  hang- 
ing wall,  where  in  part  it  is  associated  with  a  diorite  (?)  dike.  The 
production  of  both  shipping  and  milling  ore  has  been  considerable, 
and  much  ore  is  said  to  remain  in  the  mine. 

MOCKING    BIBD   DISTRICT. 

General  outline, — ^The  Mocking  Bird  district  lies  25  miles  north- 
west of  Chloride  in  a  reentrant  parallel  side  valley  in  the  east  foot- 
hills of  the  range,  at  elevations  between  3,000  and  4,000  feet  The 
valley  is  bounded  on  the  east  by  a  spur  of  volcanic  rocks  extending 
in  a  northerly  direction  from  the  flank  of  the  range.  The  district 
trends  north  and  south;  it  has  a  length  of  about  5  miles  and  a 
width  of  about  2^  miles.  It  is  hilly  on  the  south  but  open  on  the 
north,  merging  with  the  Sacramento  Valley,  which  receives  its  drain- 
age. Water  is  scarce,  but  some  is  encountered  in  the  mines.  The 
principal  mines  are  the  Mocking  Bird,  Hall,  Great  West,  and  Poca- 
hontas.   The  Mocking  Bird  and  Hall  are  now  producing. 

Mocking  Bird  mine. — The  Mocking  Bird  mine  is  situated  in  the 
open  northern  portion  of  the  district.  Its  principal  developments 
are  12  or  15  shafts,  ranging  from  25  to  60  feet  in  depth,  and  about 
500  feet  of  drift.  The  vein  lies  nearly  flat  in  a  local  sheet  or  flat- 
lying  dike  of  oxidized  and  schistose  minette  or  andesitic  tuflf.  It 
is  about  6  feet  thick  and  consists  of  red  and  green  quartz  and 
breccia.  The  metal  is  gold  with  a  small  amount  of  silver.  The 
gold  occurs  in  a  finely  divided  state,  usually  associated  with  hematite, 
of  which  considerable  is  present.  The  ore  averages  about  $10  per 
ton.  The  production  to  date  is  reported  to  be  upward  of  $20,000; 
several  times  this  amount  of  ore  is  blocked  out  in  the  mine  and 
valuable  tailings  are  now  on  the  dump. 

Hall  mine. — The  remaining  mines  are  situated  near  together  in 
the  low  foothills  of  pre-Cambrian  granite  in  the  southern  part  of  the 
district.  The  veins  here  all  dip  steeply  to  the  north.  The  Hall  mine, 
which  works  the  most  northerly  of  the  veins,  is  developed  princi- 
pally by  a-  210-foot  shaft  and  two  levels,  containing  about  200  feet 
of  drift.  The  vein  ranges  in  thickness  from  a  few  inches  to  2  feet, 
and  is  locally  associated  with  diabase  dikes.  The  gangue  is  quartz, 
some  being  of  the  honeycomb  variety.  Some  of  the  ore  is  very  rich, 
shows  free  gold,  and  is  said  to  contain  values  of  $10,000  and  upward 
per  ton.    A  24-ton  mill  is  operated  at  the  mine. 
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Great  West  mine. — The  Great  West  mine  is  developed  principally 
by  adit  drifts,  shafts,  crosscuts,  and  winzes  to  a  depth  of  more  than 
200  feet.  The  vein  is  approximately  3  feet  thick  and  consists  essen- 
tially of  gold-bearing,  iron-stained,  oxidized  quartz,  reported  to  run 
from  $10  to  $80  per  ton. 

Pocahontas  mine. — The  Pocahontas  mine  is  developed  by  a  shaft 
and  drifts  to  the  depth  of  200  feet,  and  a  new  cyanide  mill  has  re- 
cently been  built  to  replace  the  stamp-amalgamation  mill  formerly 
used.  The  value  of  the  ore  is  in  gold,  which  occurs  mainly  in  white 
iron  sulphides  contained  in  a  somewhat  stained  and  crushed  quartz 
gangue. 

VIRGINIA    DISTRICT. 

The  Virginia  district,  about  3  miles  in  diameter,  lies  25  miles  west- 
northwest  of  Chloride,  near  the  middle  of  the  west  slope  of  the 
Black  Mountains,  5  miles  east  of  Colorado  River  and  nearly  opposite 
the  Searchlight  district,  Nevada,  at  an  elevation  of  about  1,500  feeL 

The  country  rock  consists  of  the  Tertiary  volcanic  rocks  with  rhy- 
olite  and  green  chloritic  andesite  most  abundant.  The  veins  dip  south- 
westward,  usually  have  a  calcite  gangue,  and  locally  grade  into  the 
country  rock.  The  Red  Gap  vein,  however,  consists  of  more  or  less 
brecciated  quartz,  probably  with  adularia.  It  is  similar  to  that  in  the 
Geld  Road  mine,  and  carries  good  values. 

The  ore  of  the  district  is  mostly  free-milling  gold.  It  averages 
about  $7  to  $8  per  ton,  and  the  best  values  are  associated  with  specks 
of  hematite  distributed  throughout  the  gangue,  as  in  much  of  the  ore 
in  the  Union  Pass  and  Gold  Road  districts. 

PILGRIM    DISTRICT. 

The  Pilgrim  district,  which  is  about  2  miles  in  length  and  trends 
northwestward,  lies  9  miles  west  of  Chloride,  in  the  eastern  foothills 
of  the  range,  at  an  elevation  of  about  3,000  feet.  The  country  rock 
is  principally  rhyolite  and  granite  porphyry.  The  main  opening  is 
the  Pilgrim  mine,  on  the  northwest.  This  mine  is  situated  on  a  con- 
tact vein  of  quartz,  with  a  little  adularia,  and  rhyolite  breccia,  with 
trachytic  rhyolite  forming  the  hanging  wall  and  granite  porphyry 
the  foot  wall.  It  is  developed  by  inclined  shafts,  two  levels,  and 
drifts  to  a  depth  of  300  feet,  and  oxidation  extends  to  the  bottom  of 
the  mine.  The  vein  is  about  20  feet  thick  and  about  half  a  mile  in 
length.  It  dips  to  the  west  at  an  angle  of  about  30°.  The  ore  is 
reported  to  average  about  $8  in  gold  per  ton,  the  gold  occurring  free. 
Twelve  tons  of  $100  ore  are  reported  to  have  been  shipped  and  about 
1,000  tons  of  $0  to  $7  ore  lie  on  the  dumps. 

UNION    PASS    DISTRICT. 

General  outline. — The  Union  Pass  district  lies  about  30  miles  west 
of  Kingman,  on  the  west  slope  of  the  range.     It  extends  from  Union 
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Pass  westward  to  Colorado  River  at  Pyramid,  a  distance  of  13  miles, 
and  has  a  width  of  about  3  miles.  It  ranges  in  elevation  from  4,000 
feet  on  the  east  to  500  feet  on  the  west.  The  topography  is  rough 
and  mountainous  on  the  east,  with  low  hills,  broad,  open  washes,  and 
gravel-covered  areas  sloping  toward  the  river  on  the  west.  The  water 
supply  is  scanty  except  near  the  river.  On  the  east  it  consists  of  a 
few  springs  or  shallow  wells  in  the  mountains. 

The  country  rock  on  the  northwest  and  on  the  south  is  essentially 
the  pre-Cambrian  complex,  which,  in  the  remainder  of  the  district, 
is  more  or  less  deeply  buried  by  heavy  deposits  of  the  Tertiary  vol- 
canic rocks,  consisting  principally  of  rhyolite.  On  the  west  the 
deposits  are  fissure  veins  in  the  pre-Cambrian  granite.  On  the  east 
they  are  found  chiefly  along  or  near  the  contact  of  the  rhyolite  and 
granite ;  locally  associated  with  diabase,  a  later  intrusive ;  and  in  con- 
junction with  one  or  more  of  these  intrusives  along  fault  planes. 
They  occur  in  the  form  of  fissure  veins  or  lodes,  blanket  veins,  and 
irregular  bodies.  The  mineral  deposits  were  probably  formed  by 
circulating  hot  solutions  which  accompanied  and  followed  the  inva- 
sion of  the  intrusives,  especially  the  rhyolite.  The  most  important  of 
the  deposits  in  the  eastern  part  of  the  region  trend  northwestward 
and  those  in  the  western  part  northeastward;  those  intermediate  in 
-position  vary  between  these  two  directions.  The  metal  is  gold. 
The  prevailing  gangue  is  calcite,  which  locally  is  associated  with, 
gives  way  to,  or  is  replaced  by  quartz  and  adularia. 

The  western  part  of  the  district  has  produced  considerable  ore, 
the  most  of  which  has  come  from  the  Sheep  Trail,  Boulevard,  and 
Katherine  mines. 

Katherine  mine. — ^The  Katherine  mine  is  situated  If  miles  east  of 
the  river  and  about  450  feet  above  it  on  an  open,  gravel-covered  slope 
in  the  pre-Cambrian  granitoid  gneiss.  The  lode  is  about  75  feet  in 
width,  trends  N.  64°  E.,  and  to  judge  from  outcrops  in  alignment, 
may  have  an  extent  of  nearly  5  miles.  In  the  mine  it  shows  faulting 
and  slickensiding. 

The  ore  on  the  whole  resembles  that  of  the  Gold  Road  mine  (see 
below)  and  consists  mainly  of  fine-grained  quartz  and  adularia, 
mostly  replacing  calcite.  The  greater  portion  is  of  low  grade,  rang- 
ing in  value  from  $6  to  $7  per  ton ;  but  toward  the  north  it  contains  a 
rich  streak  said  to  run  $200  to  $300.  The  ore  is  treated  at  the  Sheep 
Trail  mill.  Pyramid.     About  5,000  tons  have  been  produced. 

GOLD  BOAD   DISTRICT. 

General  outline. — The  Gold-  Road  district  lies  about  24  miles  south- 
west of  Kingman.  It  extends  from  Meadow  Creek  on  the  east  slope 
of  the  range  northwestward  to  the  Moss  and  Golden  Star  mines, 
about  6  miles  beyond  the  crest.    It  has  a  length  of  about  \.^  xw^as. 
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and  a  width  of  about  4  miles.  It  lies  mainly  on  the  west  dope,  and 
ranges  in  elevation  from  2,000  feet  on  the  west  to  4,500  feet  at  the 
top  of  the  range.  The  range  portion,  which  is  about  3  miles  in  width, 
is  rugged  J  particularly  on  the  west,  being  marked  by  precipitous  fault 
scarps,  deep  gulches  and  canyons.  The  remainder  consists  mainly  of 
low  rounded  mountains  or  hillSj  open  washes,  and  grayel-covered 
gentle  slopes  or  mesas.  On  the  east  the  drainage  flows  by  way  of 
Meadow  Creek  into  Sacramento  Valley  and  on  the  west  through  Sil* 
ver  Creek  into  Colorado  River, 

The  principal  country  rock  in  the  eastern  or  range  portion  of  the 
district  consists  of  Tertiary  volcanic  rocks ;  on  the  west  appear  also 
local  areas  of  the  pre- Cambrian  complex  and  intrusive  quartz  sj^enite 
porphyry,  in  places  covered  by  sheets  of  gravel*  The  deposits  are 
chiefly  gold-bearing  fissure  veins  or  lodes.  They  occur  in  the  undif- 
ferentiated volcanic  rocks,  the  green  chloritic  andesite,  and  the 
quartz  syenite  porphyry,  described  under  "  Geology,''  and  also  along 
certain  of  their  contacts,  where  rhyolite  is  usually  the  intrusive. 
They  number  about  a  dozen  and  consist  of  two  main  typas — those  in 
which  the  gangue  is  cliiefly  quartz  and  adularia  and  those  in  which  it 
is  chiefly  ciilcite,  Tlie  former  occur  mostly  in  the  undifferentiated 
volcanic  rocks  and  have  a  general  northwesterly  trend ;  the  latter 
occur  mainly  in  the  gi*een  chloritic  andesite  and  trend  northward. 
The  most  important  of  the  former  type  is  the  Gold  Road  vein;  of  the 
latter  the  Pasadena  and  Mossback  veins. 

Gold  Road  mine. — The  Gold  Road  mine,  the  most  important  in 
the  district,  is  situated  at  Gold  Road,  on  the  western  rugged  slope 
of  the  range  about  1  mile  below  the  crest,  at  an  elevation  of  about 
2,900  feet.  It  is  developed  principally  by  a  main  shaft  and  seven 
levels,  aggregating  about  2,000  feet  of  drift,  to  the  depth  of  700  feet, 
and  most  of  the  ore  has  been  mined  for  a  distance  of  about  150  feet 
on  either  side  of  the  shaft.  The  mine  is  located  on  the  western  part 
of  the  Gold  Road  vein,  which  extends  eastward  to  the  crest  of  the 
range,  a  distance  of  more  than  a  mile.  The  vein  lies  mostly  in  a 
deeply  cut  gulch.  Its  cropping^  range  in  elevation  from  2,800  feet 
on  the  west  to  4,100  feet  on  the  east.  It  strikes  N.  50^  W.  and  dips 
northward  at  angles  of  about  80^.  It  is  strongest  on  the  west,  where, 
as  developed  in  the  mine,  it  is  about  10  feet  thick,  is  locally  enriched 
by  oblique  stringers  on  the  hanging-wall  side,  and  is  usually  in  sharp 
contact  with  well-defined  walls  of  the  country  rock,  consisting  of 
andesite,  trachyte,  latite,  and  rhyolite. 

The  ore  is  nearly  all  milling  ore  and  nms  about  $10  in  gold  per  ton. 
It  consists  chiefly  of  fine-grained,  light-colored,  in  places  greenish 
quartz,  which  has  a  peculiar  chalcedonic  or  drusy  appearance  and  in 
which  the  gold  is  finely  disseminated.  Adularia  is  commonly  inter- 
grown  with  the  quartz,  and  it  is  very  probable  that  these  minerals  re- 
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place  calcite,  which  is  present  in  varying  quantities.  As  a  rule  no 
sulphides  are  present,  and  but  little  limonite. 

The  gold  is  extracted  on  the  grounds  by  milling  and  cyaniding. 
The  ore  is  crushed  in  solution  and,  owing  to  its  oxidized  condition, 
is  easily  milled  and  treated,  25  per  cent  of  the  gold  being  liberated 
in  two  or  three  hours  and  85  per  cent  in  ten  hours.  The  plant  used 
consis^^f  six  Huntington  mills  having  a  total  capacity  of  more  than 
200  t(^.per  day.  The  present  rate  of  output,  however,  is  about  180 
tons  p^  day,  one  mill  being  usually  held  in  reserve. 

The^  principal  source  of  the  power  used,  amounting  to  about  700 
horsej^wer,  is  California  fuel  oil,  freighted  by  wagon  from  King- 
man. The  ore  is  now  mined  at  a  cost  of  $2.50  to  $3  per  ton,  or  mined 
and  milled  for  about  $5  per  ton,  allowing  $8  ore  to  be  handled  with 
good  projfit.  With  the  installation  of  cheaper  power,  ore  of  much 
lower  grade  might  be  worked. 

The  production  to  the  end  of  1906  was  large,  and  is  reported  to 
have  been  considerably  in  excess  of  $1,000,000,  nearly  all  of  which 
was  produced  during  1905  and  1906.  Besides  the  output  of  the  Gold 
Road  mine,  nearly  $1,000,000  is  reported  to  have  been  produced  from 
work  done  at  several  other  points  on  the  vein,  especially  on  the  Billy 
Bryan  claim,  about  half  a  mile  southeast  of  the  Gold  Road  mine. 
This  makes  the  total  production  of  the  Gold  Road  vein  more  than 
$2,000,000.  It  is  stated  that  at  the  close  of  1906  there  were  also  in 
sight  120,000  tons  of  ore  running  about  $11  per  ton. 

The  camp  has  a  population  of  about  350,  of  which  the  mine  em- 
ploys 180  men.  It  is  equipped  with  modern  improvements,  is  well 
kept,  and  is  plentifully  supplied  with  excellent  water  pumped  from 
the  east  slope  of  the  range.  The  mine  also  produces  about  12  gal- 
lons of  water  per  minute. 

Pasadena  mine, — The  Pasadena  mine  is  situated  1^  miles  west  of 
Gold  Road,  on  open  ground.  It  is  developed  principally  by  a  main 
shaft  300  feet  deep  and  three  levels  containing  about  100  feet  of 
drift.  The  country  rock  is  the  green  chloritic  andesite.  It  is  in- 
truded by  rhyolite  and  basic  rocks,  all  seemingly  older  than  the  vein. 
The  vein  or  lode  dips  westward  at  angles  of  about  70°.  It  is  from 
10  to  140  feet  in  width  and  has  a  known  extent  of  more  than  a  mile. 
It  consists  essentially  of  calcite  and  quartz,  the  quartz  increasing 
with  depth.  Some  of  it  is  of  the  Gold  Road  type,  and  this  carries 
the  best  values. 

In  the  main  ore  body,  which  ranges  in  width  from  4  to  10  feet,  the 
ore  is  reported  to  average  about  $10  per  ton  and  is  excellent  cyaniding 
ore. 

Mossback  mine. — The  deposit  of  the  Mossback  mine,  situated  about 
3  miles  north-northwest  of  Gold  Road,  in  open  country  near  the  foot 
of  the  range,  is  geologically  and  mineralogically  similar  to  that  ot  VJcis^ 
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Pasadena  mine.  The  mine  is  developed  to  the  depth  of  320  feet  and 
yields  considerable  water.  The  vein  is  about  23  feet  wide  and  the 
main  ore  shoot  is  about  12  feet  wide.  About  900  tons  of  medium- 
grade  milling  ore,  said  to  run  from  $5  to  $100  per  ton  in  gold,  lie 
on  the  dump. 

Mo88  mine, — The  Moss  mine  lies  about  4  miles  northwest  of  Gold 
Road,  on  the  southeast  slope  of  a  group  of  outlying  hills.  It  is  devel- 
oped by  a  230-foot  shaft  and  600  feet  of  tunnel  and  crosscuts.  The 
vein  consists  mainly  of  calcite  and  a  small  amount  of  quartz.  It  is 
about  20  feet  thick,  and  extends  for  more  than  half  a  mile.  It  is  in 
the  quartz  syenite  porphyry,  and  dips  steeply  southward,  with  fault 
breccia  on  its  foot  wall. 

The  total  production  is  reported  to  be  about  $500,000  in  gold, 
nearly  all  of  which  was  obtained  near  the  surface,  about  one-half  from 
an  excavation  about  10  feet  in  diameter  and  depth.  It  occurred 
mostly  as  incrustations,  flakes,  beads,  and  nuggets  associated  with 
quartz  and  hematite,  and  represents  a  local  concentration,  for  deeper 
work  shows  the  vein  to  consist  of  a  large  body  of  low-grade  ore, 
much  of  it  running  about  $4  per  ton. 

Golden  Star  group, — The  Golden  Star  group,  including  "  Meals 
ledge,"  an  outlying  lode  on  the  east,  comprises  seven  or  eight  proper- 
ties mainly  in  the  prospect  stage.  It  lies  in  open  country  in  the  north- 
western part  of  the  district,  extending  from  a  point  near  the  Moss 
mine  northward  to  Cottonwood  Wash,  a  distance  of  about  2  miles. 

Miller  mine, — The  Miller  (formerly  Hardy)  mine  is  situated  two 
miles  northwest  of  Gold  Road,  on  Silver  Creek,  on  the  northeast  slope 
of  the  Hardy  Mountains,  an  outlying  group.  It  is  developed  by  two 
shafts  (to  a  depth  of  289  feet)  and  contains  800  feet  of  drift,  tunnels, 
and  crosscuts.  The  country  rock  is  the  quartz  syenite  porphyry,  into 
which  rhyolite  is  intruded  near  by. 

The  mine  is  located  or  the  north  end  of  the  Hardy  vein,  which  dips 
steeply  to  the  north.  The  vein  is  about  30  feet  wide  and  extends  about 
4  miles.  The  Jack  Pot,  Homestake,  and  Navy  Group  mines  are  also 
located  on  or  near  it.  It  is  composed  mostly  of  quartz,  probably  with 
adularia,  and  contains  some  associated  green  fluor  spar.  The  ore 
carries  gold,  but  it  contains  more  silver  than  that  at  any  other  mine 
\n  the  district,  and  is  stated  to  average  on  the  whole  about  $5  per  ton. 
In  the  Navy  Group  mine,  however,  2  miles  farther  west,  it  is  said  to 
range  from  $8  to  $30.  The  production  to  date  is  reported  to  be  about 
$100,000. 

VIVIAN   DISTRICT. 

General  outline, — The  Vivian  district,  an  area  about  4  miles  in  di- 
ameter, lies  in  the  southwestern  part  of  the  region  and  adjoins  the 
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Gold  Road  district  on  the  south.  Vivian,  the  principal  camp,  is 
situated  west  of  the  center  of  the  district,  about  3  miles  southwest  of 
Gold  Road.  The  district  lies  in  the  foothills  at  elevations  between 
2,200  and  2,800  feet,  and  is  traversed  by  several  broad  washes  through 
which  the  drainage  issues  south  westward.^ 

Th^  dominant  country  rock  is  the  green  chloritic  andesite,  which, 
on  the  southwest,  gives  way  to  the  underlying  older  andesite,  the 
basal  member  of  the  volcanic  series.  So  far  as  learned,  this  older 
andesite  does  not  contain  workable  mineral  deposits,  and  as  the  veins 
seem  to  practically  terminate  with  the  lower  limit  of  the  green  chlo- 
ritic andesite,  the  ability  to  differentiate  these  two  formations  is  of 
vital  importance  to  the  mine  operator.  This  ability  can  best  be  gained 
by  studying  the  rocks  along  their  zone  of  contact,  which  is  well 
exposed  crossing  the  ridge  southwest  of  the  Vivian  mine,  beyond 
which  it  ascends  the  wash  northward  to  the  west  base  of  Leland 
Monument  Mountain,  the  high  dome-shaped  portion  of  the  ridge  just 
west  of  Vivian  and  nearly  700  feet  above  it. 

Leland  mine. — ^The  Leland  mine  is  located  just  west  of  Vivian,  in 
the  upper  part  of  Leland  Monument  Mountain.  It  is  developed 
mainly  by  adit  drifts  and  tunnels  aggregating  about  3,000  feet  of 
workings,  distributed  within  a  horizontal  distance  of  half  a  mile  and 
a  vertical  range  of  700  feet.  This  work  was  nearly  all  done  in  1903 
and  1904.  The  surface  equipment,  comprising  a  40-stamp  mill  and 
railway,  were  installed  at  a  cost  exceeding  $400,000. 

The  mine  is  located  on  the  western  part  of  the  Leland  vein,  which 
has  a  known  extent  of  about  a  mile  and  dips  steeply  to  the  south.  At 
the  mine  it  ranges  from  5  feet  in  width  on  the  east  to  25  feet  on  the 
west,  and  is  of  the  Gold  Road  type,  being  composed  essentially  of 
fine-grained  pale-greenish  quartz  and  adularia,  locally  accompanied 
by  calcite  and.  country-rock  breccia.  It  contains  vugs  lined  with 
quartz  crystals  and  black  oxide  of  manganese,  and  many  of  them 
carry  much  free  gold.  Throughout  the  mine  the  vein  contains  a  large 
amount  of  $5  to  $10  ore,  which  probably  continues  in  depth  with  the 
green  chloritic  andesite.  The  same  seems  to  be  true  of  the  Mitchell 
vein,  which  lies  about  400  feet  south  of  and  parallel  to  the  Leland 
vein,  but  dips  steeply  to  the  north. 

In  the  light  of  the  foregoing  conclusion  concerning  the  termina- 
tion in  depth  of  the  veins  of  the  district  with  the  green  chloritic  andes- 
ite, the  widely  accepted  view  which  holds  that  by  sinking  to  a  depth 
of  1,200  or  1,500  feet  at  a  point  midway  between  the  Leland  and 
Mitchell  veins  a  large  body  of  rich  ore  will  be  encountered  at  their 
junction  should  be  accepted  with  caution,  as  the  lower  limit  of  the 
andesite  may  lie  at  too  shallow  a  depth  for  the  veins  to  meet  in  this 
formation. 
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The  production  of  the  mine  was  not  learned,  except  that  about 
4,500  tons  of  the  ore  were  milled,  some  of  which  averaged  $15  per 
ton  and  a  less  amount  $50  to  $60  per  ton. 

German-American  mine. -^The  German- American  mine  lies  in  the 
southern  part  of  the  district  three-fourths  of  a  mile  east  of  Vivian. 
It  is  developed  by  drifts,  tunnels,  and  shafts  to  a  depth  of  about 
250  feet  and  contains  about  2,000  feet  of  workings,  mostly  at  the 
Treadwell  and  35th  Parallel  shafts,  which  are  situated  about  1,200 
feet  apart  on  the  vein.  The  principal  surface  equipments  are  sev- 
eral steam  hoists,  a  10-stamp  mill,  and  a  cyanide  plant. 

The  dominant  country  rock  is  the  green  chloritic  andesite,  which 
locally  west  of  the  vein  on  the  foot-wall  side  is  in  contact  with  the 
light-gray  older  andesite,  and  the  vein  may  lie  in  part  on  the  con- 
tact of  these  two  rocks.  The  vein  dips  steeply  to  the  east.  It  ex- 
tends for  three-fourths  of  a  mile  and  ranges  from  1  to  60  feet  in 
width.  It  consists  essentially  of  calcite,  some  of  which  is  replaced 
by  quartz  and  adularia,  with  some  brecciated  country  rock.  The 
foot  wall  is  usually  well  defined  with  the  vein  solidly  frozen  to  it; 
the  hanging  wall  is  ragged.  The  values  favor  the  hanging  wall 
and  are  associated  mostly  with  quartz. 

The  production  has  been  2,700  tons  of  ore,  which  averaged  about 
$10  in  gold  per  ton.  A  large  dump  at  the  35th  Parallel  shaft  is  re- 
ported to  be  all  good  milling  ore. 

To7n  Reed  mine, — The  Tom  Reed  (formerly  the  Blue  Ridge)  mine 
lies  in  the  eastern  part  of  the  region,  in  Blue  Ridge  Wash.  It  is  de- 
veloped to  a  depth  of  nearly  200  feet  by  two  shafts,  and  has  three 
levels  and  drifts,  aggregating  about  600  feet  of  underground  work, 
nearly  all  done  in  1904  to  1906.  It  produces  considerable  water, 
the  level  of  which  lies  at  about  100  feet  below  the  surface.  The  prin- 
cipal surface  improvements  are  a  10-stamp  mill  and  a  gasoline  hoist. 

The  country  rock  is  the  green  chloritic  andesite.  The  vein  dips 
steeply  northeastward.  It  is  about  20  feet  in  width,  with  the  walls 
usually  ill-defined,  and  is  thought  to  be  a  continuation  of  the  Pasadena 
vein,  in  which  case  it  has  a  length  of  about  3  miles.  It  is  mainly  of 
the  Gold  Road  quartz-adularia  type,  with  but  little  calcite  present 
in  the  principal  part  of  the  mine,  and  is  reported  to  have  run  $25 
in  gold  and  a  little  silver  per  ton  for  the  first  30  feet  in  depth,  and 
about  $12  from  that  point  down.  As  considerable  gold  remains  in 
the  tailings  the  ore  should  be  treated  by  cyaniding.  The  production 
is  reported  to  be  about  $120,000. 

Victor-Virgin  mine. — The  Victor- Virgin  mine  is  situated  in  the 
southeastern  part  of  the  district.  It  is  developed  principally  by  two 
shafts,  situated  900  feet  apart,  to  a  depth  of  nearly  300  feet,  together 
with  drifts.     Elaborate  surface  improvements,  including  the  installa- 
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tion  of  a  650-horsepower  plant  at  Needles,  16  miles  distant,  are  now  in 
process  of  construction,  but  hardly  seem  warranted  for  a  mine  of 
its  size,  in  which  the  deposits  have  not  yet  been  shown  to  extend  to 
any  great  depth. 

The  dominant  country  rock  is  the  green  chloritic  andesite,  but  the 
underlying  older  andesite  occurs  near  by  on  the  west.  The  vein 
dips  steeply  to  the  northeast.  It  is  from  1  to  18  feet  in  width,  but 
is  locally  associated  with  silicified  country  rock  or  breccia  100  or 
more  feet  wide.  It  is  of  the  Gold  Road  type,  being  composed  princi- 
pally of  quartz  and  adularia,  with  a  small  percentage  of  calcite. 
The  ore  is  said  to  contain  from  $9  to  $50  in  gold  per  ton,  $20  being 
reported  as  a  fair  average.  The  total  production  is  about  $500  and 
a  considerable  amount  of  low-grade  ore  lies  on  the  dump. 

Midnight  mine. — The  Midnight  mine,  located  IJ  miles  northwest 
of  Vivian,  is  developed  by  an  inclined  shaft,  drifts,  and  stopes  to  a 
depth  of  50  feet,  and  is  equipped  with  a  gasoline  hoist. 

The  country  rock  is  the  green  chloritic  andesite.  The  vein  dips 
westward  at  angles  of  30^  to  40°.  The  portion  of  it  worked  is  about 
3i  feet  in  thickness  and  consists  principally  of  quartz,  with  some 
calcite,  fluorite,  and  probably  adularia.  It  has  been  worked  from 
the  surface  almost  to  the  bottom  of  the  mine  and  laterally  for  a  dis- 
tance of  about  120  feet,  and  in  this  extent  has  averaged  about  $18 
per  ton  in  gold,  the  production  being  considerable  for  so  small  a 
mine.  Where  now  worked  in  the  bottom  of  the  shaft  the  ore  is  of 
low  grade,  running  about  $7  per  ton,  and  consists  of  a  mixture  of 
partly  altered  soft  country  rock  traversed  by  stringers  and  vein- 
lets  of  calcite  and  quartz. 

Vivian  mine, — The  Vivian  mine  is  located  about  one-fourth  mile 
below  Vivian,  just  west  of  Vivian  Wash.  It  is  developed  to  a  depth 
of  about  270  feet  by  three  shafts  and  drifts.  The  surface  equip- 
ments, which  unfortunately  seem  to  have  been  prematurely  installed, 
are  new,  of  the  best  modern  type,  and  very  complete,  and  include  a 
10-stamp  mill. 

The  country  rock  is  the  green  chloritic  andesite,  which  just  west 
of  the  mine  gives  way  to  the  older  andesite.  The  vein  dips  steeply 
to  the  south  and  extends  for  about  half  a  mile.  It  is  about  3  feet  in 
average  thickness  and  consists  essentially  of  calcite  and  a  little 
quartz.  The  values  are  reported  to  occur  chiefly  in  pockets  running 
very  high  in  gold,  and-  are  richest  in  the  quartz,  which  occurs  in 
association  with  dark  calcite.  The  production  is  small.  The  mill 
was  run  about  forty  days  after  its  completion  in  1906.  The  princi- 
pal dumps  show  that  the  older  andesite  has  been  encountered,  from 
which  it  seems  probable  that  no  workable  ore  will  be  found  at 
greater  depths. 

47076— Bull.  310—08 0 
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BOUNDARY     CONE     DISTRICT. 


The  Boundary  Cone  district  lies  in  the  southwestern  part  of  the 
region,  just  south  of  the  Vivian  district  last  described.  It  extends 
from  Boundary  Cone,  a  prominent  landmark  on  the  west,  3  miles 
eastward  nearly  to  the  crest  of  the  range,  and  is  2  miles  or  more  in 
width.  The  topography  is  mostly  rugged,  of  the  volcanic  rock  type, 
with  the  mountains  rising  1,500  to  2,000  feet  above  the  intervening 
washes,  through  which  the  drainage  issues  westward. 

The  country  rock  is  mainly  a  dense  reddish-brown  or  purplish 
andesite,  locally  known  as  "  phonolite,"  and  is  underlain  by  air  earlier 
tufaceous  andesite,  below  which  the  pre-Cambrian  granite  is  exposed 
on  the  extreme  southwest.  These  rocks  are  all  intruded  by  rhyolite  in 
the  form  of  plugs  and  dikes,  of  which  Boundary  Cone  is  a  typical 
example. 

The  deposits  are  gold  bearing  and  occur  in  fissure  veins  in  the  pur- 
ple andesite  and  also  on  the  contact  of  the  intruded  rhyolite  and  the 
andesite  or  the  granite.  The  gangue  is  made  up  of  fine-grained  and 
usually  brecciated  quartz  and  adularia,  locally  containing  an  admix- 
ture of  country  rock. 

The  veins,  five  or  six  in  number,  occur  in  the  eastern  part  of  the 
district.  They  trend  northwestward,  with  steep  dips.  The  principal 
properties  located  on  them  are  the  Iowa,  which  has  been  most  exten- 
sively developed,  the  Lazy  Boy,  Krause,  and  Highland  Chief. 

The  Iowa  mine  is  situated  in  the  northeastern  part  of  the  district, 
at  an  elevation  of  about  2,600  feet.  It  is  developed  by  a  shaft  200  feet 
in  depth,  and  by  about  100  feet  of  drift  and  crosscuts  distributed  on 
three  levels,  and  is  equipped  with  a  gasoline  hoist.  The  vein  dips 
steeply  to  the  south.  It  ranges  from  3  to  8  feet  or  more  in  width 
and  consists  principally  of  greenish  brecciated  quartz  and  a  little 
calcite,  with  locally  some  rock  breccia.  It  is  traversed  by  veinlets  of 
secondary  quartz  and  calcite.  The  values  run  from  $3  to  $14  per  ton, 
and  are  largely  found  within  3  feet  of  the  hanging  wall. 

The  deposits  at  the  contact  occur  chiefly  in  the  western  part  of  the 
district.  They  are  best  exposed  along  the  upper  edge  of  the  andesite 
collar  encircling  the  rhyolite  plug  that  forms  the  upper  part  of 
Boundary  Cone.  They  occur  mainly  on  the  west  and  south  sides  of 
the  cone,  where  they  extend  interruptedly  for  about  a  mile.  The 
values  average  from  $3  to  $17  in  gold,  and  occur  in  a  zone  of  quartz 
and  adularia  6  to  8  feet  wide,  chiefly  on  the  rhyolite  side  of  the  con- 
tact. The  rhyolite  within  2  or  3  feet  of  the  quartz  also  contains 
values. 

NONMETALLIC  MINERALS. 

The  principal  nonmetallic  minerals  occurring  in  the  region  here 
discussed  are  building  stone,  cement  rock,  travertine,  turquoise,  and 
graphite. 
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Building  stone, — ^The  most  important  building  stone  in  the  region 
is  the  rhyolite  tufT  underlying  Kingman  Mesa.  It  occurs  in  abun- 
dance in  heavy  beds  and  is  easily  quarried  in  the  scarps  near  King- 
man. It  is  medium  grained  and  fairly  uniform  in  texture,  and 
dresses  well.  The  most  important  buildings  in  Kingman  are  built 
of  it. 

Cement  rock. — The  main  cement  material  of  the  region  is  a  fine- 
grained pumaceous  phase  of  the  rhyolite  tuff  just  described.  It 
occurs  in  a  deposit  of  considerable  extent  west  and  southwest  of  King- 
man and  probably  elsewhere,  and  is  said  to  have  been  proved  by  ex- 
periment to  be  excellent  for  making  cement.  It  requires  no  calcining. 
Briquets  made  with  it  are  reported  to  have  a  higher  tensile  strength 
than  the  Vesuvian  products  and  to  stand  salt-water  tests  with  excel- 
lent results. 

Travertine. — ^Local  deposits  of  travertine,  used  as  flux  at  the  smelt- 
ers, occur  in  Sacramento  Valley  near  Chloride  and  Mineral  Park. 

Turquoise. — Turquoise  is  mined  at  two  localities,  Ithaca  Peak  and 
TurquoisA  Mountain,  about  a  mile  south  of  Mineral  Park.  It  occurs 
in  coarse  altered  granite  porphyry  in  the  form  of  veins  and  globular 
and  irregular  bodies,  1  to  8  inches  in  diameter,  some  of  which  are  con- 
nected by  stringers  or  mere  seams  and  others  isolated  in  the  solid  rock. 
The  production  is  shipped  in  monthly  installments  to  New  York, 
where  it  is  mostly  sold  in  the  rough  for  jewelry  purposes. 

Graphite. — Graphite,  possibly  of  commercial  value,  occurs  in  the 
pre-Cambrian  schists  on  the  east  slope  of  the  Cerbat  Range  near  the 
old  Government  trail  in  the  first  gulch  north  of  C.  O.  D.  Gulch,  about 
15  miles  north  of  Kingman. 

WATER  SUPPLY. 

Throughout  that  portion  of  the  area  which  lies  north  of  the  lati- 
tude of  Kingman  water  is  scarce,  the  only  natural  source  of  supply 
besides  precipitation  being  a  few  small  springs,  found  along  the  base 
of  the  ranges.  In  the  pre-Cambrian  rocks,  however,  particularly  in 
the  Cerbat  Range,  as  shown  in  the  mines,  ample  water  of  good  quality 
is  usually  encountered  at  depths  of  300  to  600  feet ;  and  in  the  vicinity 
of  Kingman  in  the  rhyolite  tuff  a  copious  supply  is  reached  at  depths 
of  about  130  feet,  as  shown  by  numerous  inexhaustible  wells.  In  the 
Black  Mountains  also  the  best  water-bearing  formation  is  the  rhyo- 
lite tuff,  commonly  known  as  the  "  water  rock,"  extending  in  a  belt  of 
considerable  width  from  Union  Pass  southward  beyond  Gold  Road. 
It  is  the  source  of  the  water  used  at  Gold  Road  and  other  localities, 
and,  as  at  Kingman,  the  supply  seems  inexhaustible. 
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By  HoYT  S.  Gale. 


Il?5TBODUCnON. 

The  existence  of  gold-bearing  sands  and  gravels  in  a  field  of  con- 
siderable extent  in  the  central  portion  of  Routt  County,  Colo.,  and 
adjacent  parts  of  Wyoming,  has  been  known  for  a  number  of  years. 
These  gold  placer  deposits  are  said  to  have  been  first  discpvered  in 
1887  in  the  northern  part  of  the  district,  on  Fourmile  Gulch,  and  also 
in  Dry  Gulch,  about  20  miles  west  of  Baggs,  Wyo.,  both  localities 
near  Little  Snake  River.  Interest  in  the  field  seems  to  have  begun 
about  that  date  and  to  have  continued  more  or  less  actively  down  to 
the  present  time. 

The  district  in  which  these  deposits  occur  lies  west  of  the  Elkhead 
Mountains,  north  of  Yampa  or  Bear  River,  and  east  of  the  lower 
course  of  Little  Snake  River,  along  whose  valley  near  the  Colorado- 
Wyoming  line  the  most  extensive  developments  have  been  made. 
Only  the  southern  portion  of  the  territory  thus  outlined  is  directly 
concerned  in  the  present  report. 

The  following  report  is  the  result  of  observations  made  in  the  early 
part  of  July,  1907,  by  the  author,  who  was  at  that  time  engaged  in  a 
study  of  the  geology  and  an  examination  of  coal  lands  in  the  fields 
south  of  this  district.  Especial  acknowledgment  is  due  to  Mr.  A.  G. 
Wallihan,  of  Lay,  for  the  locations  of  the  claims  shown  on  the  map 
(PI.  I),  and  for  assistance  during  the  progress  of  the  work  and  in- 
formation concerning  former  prospecting  in  the  field.  The  author 
is  personally  familiar  only  with  that  part  of  the  field  which  lies  south 
of  the  Iron  Springs  divide,  and  all  statements  and  inferences  concern- 
ing the  deposits  north  of  that  line  or  lying  in  the  Snake  River  drain- 
age basin  are  based  on  the  reports  of  others,  interpreted  from  a  gen- 
eral knowledge  of  the  whole  region. 

A  brief  description  of  the  territory  and  developments  along  Little 
Snake  River  prior  to  1895  is  given  in  an  article  by  E.  P.  Snow.®     In 

«  Fourmile  placer  fields  of  Colorado  and  Wyoming :  Eng.  and  Min.  Jour.,  vol.  60,  1895, 
pp.  102-106. 
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1901  a  dredge  was  set  up  in  Timber  Lake  Gulch,  10  miles  south  of 
Baggs,  Wyo.,  and  operated  with  some  success  for  four  years,  but  it 
is  now  lying  idle.  It  is  said  that  about  $70,000  was  cleared  up  during 
that  time,  but  that  work  was  suspended  with  the  exhaustion  of  the 
richer  ground.  A  dry  washer  outfit  was  set  up  in*  Timber  Lake 
Gulch  (T.  10  N:,  R.  92  W.)  during  the  summer  of  1903.  It  was 
claimed  that  the  machine  made  $20  per  day  on  ground  averaging 
75  cents  per  yard,  when  the  dirt  was  perfectly  dry.  The  rainy  sea- 
son of  that  year  prevented  continuous  work.*  Recent  reports  state 
that  a  ditch  is  being  constructed  from  Slater  Creek  to  carry  water  to 
the  Iron  Springs  divide,  and  that  pipe  to  cover  a  distance  of  about 
2  miles  has  been  purchased  and  hauled  into  the  country.* 

In  1905  a  dredge  was  installed  in  the  valley  of  Lay  Creek,  on  the 
south  side  of  the  Iron  Springs  divide.  Since  that  time  a  small  area 
(about  10  acres)  has  been  worked  over.  Most  of  the  delay  or  failure 
to  achieve  immediate  results  has  been  due,  it  is  said,  to  minor  diffi- 
culties in  the  operation  of  machinery  and  the  management  of  the 
rather  scanty  water  supply.  A  recent  report  states  that  the  Blevins 
property,  controlling  the  dredge  and  some  480  acres  of  placer  filings 
about  7  miles  north  of  Lay  post-office,  has  been  sold  for  $100,000. 
It  is  also  stated  that  an  active  revival  of  operations  in  the  neighbor- 
ing tracts  is  under  way,  and  that  considerable  development  work 
is  promised  in  this  southern  part  of  the  field  during  the  coming 
season. 

DESCRIPTION. 

The  territory  west  of  the  Elkhead  Mountains  is  a  broad  stretch 
of  rolling  prairie  of  moderate  relief  and  monotonous  topography. 
Geographically  it  may  be  defined  as  a  roughly  triangular  area  lying 
between  Little  Snake  and  Yampa  rivers.  These  streams  furnish  the 
chief  water  supply  of  the  district,  although  its  eastern  margin  is  more 
or  less  readily  accessible  to  their  tributary  headwaters  on  the  west- 
ern flanks  of  the  Elkhead  Mountains.  The  climate,  although  not  that 
of  a  true  desert,  is  exceedingly  dry,  with  but  little  rainfall  during 
the  summer  and  it  is  said  but  little  ^ow  in  winter.  Springs  are 
scarce  throughout  the  region  and  settlement  is  consequently  scatter- 
ing and  confined  chiefly  to  the  river  valleys. 

The  region  is  traversed  by  several  well-known  roads  which  afford 
access  from  the  Union  Pacific  Railroad  in  southern  Wyoming  to  the 
settlements  along  Yampa  River  in  Colorado.  The  freighting  route 
from  Rawlins  to  Craig  and  Hayden  passes  through  the  eastern  part 
of  the  district,  and  also  furnishes  the  present  means  of  communica- 

« Information  from  Mr,  John  H.  Marks,  of  Denver. 

•  Information  from  Messrs.  L.  Calvert  and  J.  W.  Cavendor,  of  Baggs,  Wyo. 
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tion  with  the  placer  fields.  A  daily  stage  is  run  from  Rawlins  to 
Dixon  and  Baggs,  on  the  Little  Snake,  whence  connecting  routes 
extend  into  Colorado.  An  old  road  that  was  formerly  a  regularly 
traveled  stage  route  passes  diagonally  through  the  placer  districts, 
running  to  the  southwest  from  Baggs  by  way  of  Lay,  and  thence 
southward  toward  Meeker.  This  and  the  old  Thomburgh  wagon 
road  were  formerly  the  best-known  routes  of  travel  through  this 
region,  being  the  principal  means  of  access  to  the  Union  Pacific 
Railroad  from  a  large  territory  to  the  south  in  Colorado  before  the 
advent  of  the  railroad  lines  on  Grand  River.  Many  minor  wood 
and  hauling  wagon  roads  meander  across  the  prairie  hills  and  valleys, 
so  that  the  region  is  fairly  accessible  in  almost  any  part. 

GENERAIi  GEOIiOGY. 

Precise  knowledge  concerning  the  structure  and  stratigraphy  of 
the  field  as  a  whole  is  somewhat  meager.  It  lies  within  the  territory 
mapped  by  the  Fortieth  Parallel  Survey,  and  is  described  in  that 
Survey's  reports  and  its  geology  mapped  in  the  atlas  accompanying 
them.  The  rocks  are  classed  with  the  groups  there  denoted  as  Green 
Biver  and  Vermilion  Creek*  of  the  Eocene.  The  following  de- 
scription of  the  district  is  given  by  S-  F.  Emmons,  the  geologist  who 
visited  that  region.^ 

To  the  north  and  west  of  Fortification  Peak^  extends  a  low,  rolling  coun- 
try, covered  with  soft,  earthy  material  of  a  prevailing  red  color,  in  which 
no  outcrops  are  visible.  The  character  of  the  soil,  however,  shows  that  it  is 
probably  made  up  of  decomposed  beds  of  the  Vermillion  Creek  Eocene.  These 
beds  are  found  exposed  on  the  western  face  of  the  Elkhead  Mountains,  at  the 
baylike  indentation  between  Mount  Weltha  and  Naveslnk  Peak,  where  they 
consist  of  coarse,  red  sandstones,  with  intercalated  beds  of  reddish  and  cream- 
colored  clays  and  arenaceous  marls.  The  limits  of  these  beds  are  not  well  de- 
fined, on  account  of  the  character  of  the  surface  in  this  region,  but  their  con- 
nection can  be  traced,  over  the  broad  plains  to  the  west,  to  characteristic  out- 
crops, in  such  a  manner  that  there  can  be  little  doubt  as  to  the  horizon  to 
which  they  belong.  Though  they  present  here  little  difference  of  angle  with 
the  underlying  Cretaceous  beds,  they  are  probably  unconformable,  as  they  are 
seen  to  be  to  the  westward,  and  the  lowest  beds  of  the  series  can  not  therefore 
be  definitely  determined.  On  the  little  Snake  River  they  are  represented  by 
yellow,  coarse,  gritty  sandstones  containing  casts  of  Melania, 

Recent  investigations  in  territory  adjoining  this  field,  both  north 
and  south  of  the  area  under  discussion,  tend  to  corroborate  the  general 
statements  of  these  earlier  reports;  but,  as  might  naturally  be  ex- 
pected, some  details  of  the  areal  distribution  of  these  strata  were 
generalized  or  overlooked  entirely  in  the  first  general  maps. 

« ••  Vermilion  Creek  "  is  equivalent  in  part  at  least  to  the  Wasatch  as  used  by  the 
llayden  Survey,  and  the  latter  name,  which  has  priority  and  established  usage,  has  been 
adopted  for  these  beds  by  the  Geological  Survey. 

«» King,  Clarence,  Kept.  U.  S.  Geol.  Explor.  40th  Par.,  vol.  2,  1877,  p.  187. 

"  Now  better  known  as  Cedar  Mountain,  situated  about  6  miles  northwest  of  Craig. 
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As  described  by  Emmons  the  whole  field  is  underlain  by  sedimen- 
tary strata  of  loosely  consolidated  or  readily  disintegrated  material. 
The  beds  observed  at  outcrop  are  variable  in  composition,  including 
marls  of  red  or  variously  colored  and  banded  appearance;  loose 
coarse-grained  sandstone  or  sandy  beds,  white  or  of  darker  weathered 
hues;  and  banks  of  more  regularly  bedded  shale  exposed  here  and 
there.  At  some  places  the  varicolored  beds  of  marl  that  commonly 
distinguish  the  Wasatch  ("  Vermilion  Creek  "  of  King)  are  exposed 
in  great  scars  or  badland  washes. 

Considerable  areas  of  beds  distinctly  more  recent  than  the  Tertiary 
strata  already  described  are  present  along  the  southern  margin  of  the 
district  here  considered.  These  deposits  consist  of  soft,  friable  ma- 
terial, made  up  largely  of  rounded  quartz  grains  more  or  less  con- 
solidated by  calcareous  cement,  with  few  harder  consolidated  strata. 
They  are  everywhere  of  a  chalky-white  appearance.  They  extend 
eastward  as  far  as  Cedar  Mountain,  whose  sunmiit  is  composed  of 
these  beds  protected  by  an  overlying  cap  of  basalt.  They  correspond 
to  the  strata  of  the  "  Browns  Park  group  "  as  described  by  Powell  and 
others,  and  are  markedly  unconformable  on  all  the  older  strata.  They 
occur  invariably  in  essentially  horizontal  position,  with  every  ap- 
pearance of  having  been  deposited  in  a  lake  basin  of  late  Tertiary  or 
possibly  more  recent  age.  Although  these  beds  at  another  locality 
are  described  very  briefly,  and  with  much  doubt  as  to  their  age,  in 
the  Fortieth  Parallel  reports,  they  are  there  included  with  the  Green 
River  group  as  shown  on  that  geologic  map.  They  appear  not  to 
have  been  recognized  at  that  time  as  occurring  in  the  territory  east 
of  Little  Snake  Eiver.  C.  A.  White,®  who  afterward  studied  this 
region,  described  their  eastward  extension  and  regarded  these  beds 
as  equivalent  to  the  latest  Eocene  strata  exposed  south  of  the  Uinta 
Mountains,  although  his  reasons  for  this  assumption  are  not  clear, 
and  now  seem  to  have  been  unwarranted  by  the  facts. 

The  whole  region  is  covered  to  a  greater  or  less  extent  with  a  scat- 
tered drift  whose  origin  seems  intimately  connected  with  the  source 
and  history  of  the  present  gold  deposits.  This  drift  is  described  in 
more  detail  in  the  following  paragraphs,  as  it  forms  the  material  of 
the  bars  or  terraces  from  which  the  gold  is  now  derived. 

The  only  igneous  rocks  that  are  known  to  occur  within  the  field 
are  the  basaltic  intrusives  and  outflows,  which  are  at  least  as  recent 
as  late  Tertiary.  These  basalts  are  of  very  moderate  extent  on  the 
open  prairies,  being  confined  chiefly  to  the  higher  summits  and  ridges 
of  the  Elkhead  Mountains  to  the  east.  A  prominent  dike  known  as 
the  "  Rampart "  extends  westward  from  these  foothills  of  that 
range,  cutting  the  Tertiary  strata  a  few  miles  beyond  the  Craig- 

•  On  the  geology  and  physiography  of  a  portion  of  northwestern  Colorado  and  adjacent 
parts  of  Utah  and  Wyoming :  Ninth  Ann.  Rept.  U.  S.  Geol.  Survey,  1889,  p.  691. 
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Rawlins  stage  road.  Fortification  Butte,  or  Cedar  Mountain,  an 
isolated  peak  on  the  southeast  margin  of  the  district,  is  capped  by 
this  basalt. 

The  geologic  structure  of  the  whole  district  is  exceedingly  simple. 
The  strata  occupy  a  broad  synclinal  trough  or  basin,  over  the  greater 
part  of  which  the  beds  lie  approximately  horizontal.  At  the  southern 
margin  of  the  basin  the  beds  are  tilted  rather  abruptly,  rising  over 
the  Axial  Basin  anticline,  just  south  of  the  placer  field  here  described. 
This  broad  structural  basin  is  considered  as  a  southeastward  con- 
tinuation of  the  great  structural  depression  known  as  the  Green 
River  Basin  of  Wyoming.  The  Bridger  and  Washakie  basins  as 
described  by  King  are  also  subdivisions  of  this  larger  structural 
feature. 

DISTRIBUTION    OF    AURIFEROUS    DEPOSITS. 

The  map  accompanying  this  report  (PI.  I)  is  intended  to  outline 
the  approximate  extent  and  distribution  of  the  more  valuable  ground 
as  shown  by  the  claims  that  have  been  filed  on  within  the  region.  It 
can  be  seen  at  a  glance  that  these  claims  are  distributed  along  the 
drainage  channels  of  the  larger  dry  washes  heading  from  the  Iron 
Springs  divide.  A  study  of  the  ground  itself,  however,  reveals  the 
fact  that  the  richest  deposits  lie  on  a  bar  or  terrace  ranging  from  20 
to  100  or  more  feet  above  the  present  creek  bottom. 

The  Blevins  dredge  is  now  situated  near  the  south  end  of  the 
placer  filings.  A  mile  or  so  farther  downstream  Lay  Creek  enters  a 
narrower  valley  cut  in  the  tilted  beds  of  harder  and  geologically  older 
strata,  and  the  upper  bar  is  not  readily  distinguished  below  that 
point.  The  dredge  stands  on  ground  20  or  30  feet  above  the  level 
of  the  stream  channel.  Northward  from  this  point  along  the  main 
channel  of  Lay  Creek  the  upper  bench  or  bar  rises  more  steeply  than 
the  stream  grade  itself.  At  Iron  Springs  the  bar  is  about  70  feet 
above  the  creek  and  springs.  As  seen  from  its  own  level  this  bench 
appears  to  represent  a  former  valley  much  broader  than  that  of  the 
modern  drainage  channels.  Remnants  of  approximately  the  same 
elevation  may  be  traced  across  the  gulches  to  the  flanks  or  tops  of 
neighboring  ridges.  North  of  the  Iron  Springs  bar  the  topography 
of  the  old  valley  level  and  of  the  main  divide  beyond  is  broad  and 
open,  a  rolling,  sagebrush-covered  prairie.  So  far  as  can  be  gathered 
from  reports  of  those  who  have  prospected  in  the  field,  the  gold- 
bearing  gravels  are  distributed  almost  universally  over  all  of  this 
territory.  It  is  stated  on  reliable  authority  that  "  pay  "  ground  is 
found  even  on  the  highest  summits  of  the  main  divide,  and  in  fact 
pretty  generally  over  all  of  that  high  ground.  It  also  appears,  from 
the  selection  of  the  located  claims,  that  the  most  promising  values 
are  found  on  or  near  the  so-called  "  bars,"  which  as  stated  are  thought 
to  represent  former  drainage  valleys.    Although  the  sand  and  char- 
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acteristic  gravels  are  found  in  the  bottoms  of  the  present  streams,  it 
seems  probable  that  these  materials  are  only  reworkings  from 
the  higher  deposits  and  they  do  not  appear  to  be  as  rich  as  the 
original  ground  itself.  Colors  have  been  found  in  the  bed  of  the 
creek  lower  down  on  its  course,  as,  for  instance,  at  Lay  post-office, 
but  not  of  sufficient  value  to  attract  attention.  It  is  therefore  assumed 
that,  for  the  most  part,  modern  drainage  channels  represent  a  con- 
centration of  too  small  a  portion  of  the  gold-bearing  uplands  to  show 
important  values,  or  else  that  much  of  the  gold  that  may  have  been 
washed  into  those  channels  has  passed  on  downstream,  and  possibly 
has  been  largely  carried  away. 

It  is  probable  that  the  auriferous  deposits  in  the  Little  Snake 
drainage  basin  have  the  same  history  and  origin  as  those  in  the 
southern  part  of  the  field.  This  is  indicated  in  the  following  para- 
graph, which  is  quoted  from  the  report  of  the  Fourmile  placer  fields 
previously  cited: 

The  gravel  beds  are  not,  as  is  usually  the  case,  in  the  various  gulches,  but 
form  the  mesa  or  upland  and  cover  the  entire  country,  the  bed  rock  of  the 
gravel  being  from  10  to  150  feet  above  the  valley  through  which  the  streams 
flow  to  Snake  River. 


COMPOSITIONS'   OF   AURIFEROUS    DEPOSITS. 

The  beds  composing  the  bars  consist  largely  of  loose  white  or  light- 
colored  quartz  sand,  in  places  containing  coarser  gravels  and  even 
larger,  perfectly  rounded  pebbles  and  bowlders.  Clear,  glassy  quartz 
grains,  however,  form  by  far  the  chief  constituent  of  the  sand.  The 
gravel  contains  some  clay  which  becomes  evident  on  mixture  with 
water,  and  clay  also  occurs  in  layers  or  beds  somewhat  irregularly 
distributed.  Here  and  there  it  is  more  or  less  stained  with  iron, 
which  gives  it  a  rusty-brown  or  yellow  color.  More  consolidated 
layers  of  conglomeratic  material  occur,  evidently  cemented  by  iron, 
but  these  are  thought  to  be  of  local  nature  and  of  comparatively 
recent  origin,  having  been  derived  from  ferruginous  deposits  similar 
to  the  slimes  now  accumulating  about  the  characteristic  iron  springs 
of  the  region.  At  some  places,  especially  along  the  upper  or  head- 
water portions  of  the  bars,  and  more  particularly  noticed  near  the 
Iron  Springs  divide,  the  material  contains  a  variety  of  coarser  peb- 
bles or  bowlders.  A  study  of  these  pebbles  shows  them  to  have  been 
derived  from  the  following  rocks: 


Red  quartzite. 

White  quartzite  and  hard  sandstone. 
Conglomeratic  quartzite  (rare). 
White  vein  quartz. 
Jet  black  chert. 

Chert   of   various   colors,    some  of   it 
fossil  if  ero  us. 


Gneissoid  granitic  or  felsitic  rock. 

Crystalline  granitic  rocks  (rare). 

Pegmatite. 

A  feldspathic  porphyry,  with  fine  red 
or  gray  groundmass. 

Silicified  wood  in  waterworn  frag- 
ments. 
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The  character  of  this  material  is  significant,  denoting  as  it  does  its 
origin  in  the  older  formations  of  the  Uinta  and  Rocky  Mountain 
uplifts.  Lower  down  the  valleys,  notably  in  the  ground  where  the 
Blevins  dredge  is  now  situated,  the  coarser  pebbles  are  more  rare 
and  the  sand  is  very  white  and  of  a  fairly  uniform  grain. 

BED    ROCK   AND    DISTRIBUTION    OF   PAY   STREAKS. 

No  clearly  defined  bed  rock  can  be  traced  from  place  to  place 
among  the  prospects  that  show  pay  dirt.  In  places  it  is  pointed  out 
to  be  a  coarse  white  sand,  while  the  overlying  pay  dirt  is  composed 
of  similar  though  more  clayey  material,  the  latter  probably  constitut- 
ing the  true  bed  rock  which  has  served  for  the  retention  of  the  gold. 
At  other  places  the  bed  rock  is  said  to  be  a  mottled  clay  of  irregular 
pink  and  blue-gray  patches  underlying  the  sand  or  gravel  pay  dirt. 
Evidence  seems  to  indicate  that  the  agency  which  has  served  to  retain 
the  gold  is  the  clay,  which  occurs  either  in  the  form  of  well-defined 
beds  or  mixed  in  certain  layers  of  the  gravel.  The  clay  readily 
separates  in  water,  however,  and  does  not  interfere  with  the  recovery 
of  the  gold  in  washing. 

To  judge  from  the  descriptions  given  of  values  and  pay  streaks  in 
a  number  of  pits  and  trenches  visited  in  the  vicinity  of  the  Iron 
Springs  bar,  as  well  as  the  present  shallow  digging  policy  at  the 
dredge,  it  seems  a  warrantable  conclusion  that  the  values  are  irregu- 
larly distributed  in  depth  throughout  the  body  of  the  gravel  or  sand- 
bar deposits.  Although  it  would  thus  not  be  strictly  true  to  state 
that  the  values  are  uniformly  distributed  throughout  the  gravel,  any 
project  for  the  recovery  of  the  gold  will  probably  have  to  consider  the 
handling  of  practically  the  whole  of  that  material  from  top  to  bottom, 
inasmuch  as  the  values  seem  as  likely  to  be  found  at  the  grass  roots 
as  they  are  to  occur  at  any  definite  horizon  lower  down. 

CHARACTER    OF    THE   GOLD. 

The  gold  from  this  groimd  is  said  to  be  very  pure,  ranging  from 
885  to  935  in  fineness,  and  bringing  between  $19  and  $20  an  ounce. 
It  is  of  very  fine  grain,  in  small,  well-rounded  nuggets  which  are 
estimated  to  average  about  1,000  to  the  cent.  On  magnification,  the 
grains  are  seen  to  be  well  worn  and  of  a  rounded  or  nugget  form 
rather  than  in  flakes.  An  examination  of  some  of  this  gold  under 
the  microscope  showed  a  few  copper-colored  or  reddish  grains.  The 
color  was  apparently  contained  only  in  cavities  in  the  irregular  grains 
and  looked  like  an  iron  rust  or  stain.  The  statement  has  been  made 
that  a  portion  of  the  gold  seems  to  be  coated  so  that  it  is  not  amal- 
gamated in  the  riffles  of  the  dredge.  No  direct  evidence  of  this  con- 
dition could  be  obtained,  however,  and  the  suggestion  is  urged  rather 


to 
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that  the  wooden  riflles  of  the  dredge  are  probably  not  well  adapted 
to  the  work  at  that  place,  and  may  for  that  reason  fail  to  hold  the 
gold. 

The  final  concentrates  that  remain  with  the  gold  are  notably  free 
from  the  heavy  black  minerals  such  as  magnetite,  ilpienite,  etc.  In 
some  small  samples  that  were  obtained  by  panning,  these  dark  con- 
stituents formed  scarcely  a  third  of  the  concentrates,  the  remainder 
being  made  up  largely  of  garnet  and  a  number  of  clear  colorless 
minerals.  Among  the  latter  were  noted  many  small,  perfectly  formed 
crystals  of  zircon. 

ORIGIN    OF    THE    GOIiD. 

The  gold-bearing  sands  and  gravels  appear  to  have  been  the  latest 
deposits  laid  down  in  the  region.  No  direct  evidence  is  now  at  hand 
to  fix  the  geologic  time  of  their  deposition,  but  they  are  seen  to  cover 
the  eroded  surface  of  all  other  recognized  formations.  They  seem 
to  have  preceded  the  cutting  of  the  present  stream  channels  and  to 
have  been  scattered  widely  over  an  older  land  surface  which  some- 
what resembled  that  of  the  present  day. 

The  occurrence  of  the  auriferous  deposits  so  far  removed  from 
areas  of  granitic  rocks  in  place,  to  which  it  is  natural  to  turn  as  the 
source  of  such  material,  has  been  the  cause  of  much  conjecture  relat- 
ing to  their  origin.  The  wide  distribution  of  the  gold-bearing  beds 
over  summits,  divides,  and  valleys  alike  makes  the  determination  of 
the  means  of  their  transportation  and  deposition  still  more  compli- 
cated. Were  the  deposits  grouped  along  present  or  past  channels 
of  the  principal  rivers  flowing  from  the  Park  or  Gore  Range,  it 
would  be  easy  to  assume  that  that  region  was  the  source  of  the  mate- 
rial and  that  these  streams  constituted  the  transporting  agency. 

These  deposits  have  been  discussed  by  White  in  the  reports  of  the 
Hayden  Survey,  and  they  are  probably  related  or  equivalent  to  the 
scattered  drift  denominated  the  Bishop  Mountain  conglomerate  by 
Powell,  in  the  report  on  the  Uinta  Mountains,  and  the  Wyoming  con- 
glomerate by  King,  Emmons,  and  Hague,  in  the  reports  of  the  For- 
tieth Parallel  Survey.  The  most  complete  discussion  is  given  by 
White,  who  concludes  that  the  deposition  of  these  beds  may  have 
been  contemporaneous  with  that  of  the  great  northern  glacial  drift, 
and  suggests  that  they  were  of  glacial  origin.  By  Powell  and  Em- 
mons they  are  believed  to  have  been  of  subaerial  origin,  resulting 
chiefly  from  the  action  of  rains  and  streams,  or,  according  to  Emmons, 
representing  littoral  or  shore  deposits. 

The  sources  from  which  the  pebbles  have  been  derived  are  not  dif- 
ficult to  trace  in  a  general  way.  The  wide  extent  of  the  territory 
thus  defined,  however,  leaves  quite  as  much  doubt  as  to  the  actual 
situation  of  the  vein  deposits  from  which  the  gold  has  been  derived. 
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The  greater  part  of  the  pebbles  are  fairly  characteristic  of  the  older 
formations  exposed  along  the  main  uplifts  of  the  Uinta  Mountains. 
The  red  and  white  quartzites  and  conglomeratic  pebbles  of  the  same 
class  are  readily  distinguished  as  identical  in  composition  with  the 
"  Uinta  "  quartzite  of  Powell,  which  forms  the  core  and  highest  por- 
tion of  that  range.  The  various  chert  pebbles,  some  fossiliferous  or 
stained  in  bright  colors  of  red  and  yellow,  as  well  as  the  black  chert, 
are  with  almost  equal  certainty  derived  from  the  Carboniferous  lime- 
stones exposed  along  the  flanks  of  the  same  mountain  range.  Here 
and  there  pebbles  of  the  limestone  itself  are  also  found.  The  deriva- 
tion of  the  red  or  gray  feldspar  porphyry  is  more  in  doubt.  A  few 
granitic  rocks,  such  as  the  granite,  pegmatite,  and  related  typeSj  seem 
almost  as  certainly  to  have  come  from  the  other  direction,  or  the 
Park  Range  of  the  Rocky  Mountain  system  on  the  east.  King  de- 
scribes some  hornblendic  and  metamorphic  rocks  at  the  northeast 
end  of  the  Uinta  Range,  but  it  is  thought  that  no  such  rocks  as  gran- 
ite or  pegmatite  are  known  there. 

The  sources  and  general  trend  of  all  the  drainage  of  this  region 
would  more  readily  explain  the  transportation  of  materials  from 
the  Rocky  Mountains  to  the  east  than  from  the  Uinta  Range  to  the 
west.  In  fact,  the  gravel  and  bowlder  deposits  that  cap  some  of  the 
elevated  mesas  along  Yampa  River  are  composed  almost  entirely  of 
granitic  rocks  of  such  composition  that  they  are  certainly  derived 
from  the  headwater  streams  in  the  Rocky  Mountains.  So  far  as  is 
known  to  the  author,  veiy  little  gold  has  ever  been  reported  from 
the  rocks  of  the  Uinta  Range — a  fact  which  would  also  tend  to  sup- 
port the  theory  that  most  of  that  metal  has  come  from  the  east. 

It  is  of  interest  to  note  in  this  connection  that  a  corresponding  out- 
spread of  gravel  and  bowlders  of  almost  identical  composition,  con- 
sisting of  materials  apparently  derived  from  the  same  sources,  must 
have  taken  place  near  the  close  of  Cretaceous  time.  Evidence  of  this 
is  now  afforded  by  an  extensive  and  continuous  bed  of  conglomerate, 
marking  an  unconformity  in  the  uppermost  Cretaceous  strata  of  the 
region,  and  possibly  representing  the  orographic  disturbances  which 
produced  the  adjoining  mountain  ranges.  The  outcrop  of  this  con- 
glomerate bed  may  be  found  in  the  hills  south  of  the  placer  field.  It 
crosses  Lay  Creek  near  Emerson's  ranch,  the  bowlder  bed  occurring 
immediately  above  a  huge  white  sandstone  stratum  which  dips  be- 
neath creek  level  at  that  place.  The  same  beds  may  be  traced  con- 
tinuously eastward,  passing  south  of  Cedar  Mountain  and  crossing 
Fortification  Creek  about  2i  miles  north  of  Craig.  To  the  west  they 
extend  continuously  for  several  miles  to  the  point  where  they  pass 
beneath  and  are  concealed  by  the  overlying  "  Browns  Park  beds." 
This  conglomerate  has  been  prospected  to  some  extent,  but  does  not 
appear  to  have  attracted  much  attention.     It  might  be  expected  to 
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carry  values  somewhat  similar  to  those  of  the  more  recent  gravel  de- 
posits, but  its  occurrence  is  limited  to  the  narrow  outcrop  of  that  par- 
ticular bed. 

PROSPECTS   AND   DEVEIiOPMENT. 

In  1905  a  dredge  was  installed  just  above  Jack  Rabbit  Spring,  and 
in  September  of  that  year  started  operation  on  what  is  known  as  the 
Blevins  property.  This  dredge  has  been  worked  intermittently  since 
that  date  and  now  (August,  1907)  stands  near  the  middle  of  the 
N.  ^  sec.  22,  T.  8  N.,  R.  93  W.  An  area  of  approximately  10  acres 
has  been  worked  over.  The  season  is  said  to  last  from  about  April  1 
until  about  the  middle  of  October,  after  which  the  work  is  likely  to 
be  interrupted  by  freezing. 

The  water  supply  is  rather  meager,  coming  from  Jack  Rabbit 
Spring  about  one-half  mile  below  (southwest  of)  the  dredge.  The 
channel  of  Lay  Creek  is  normally  dry  and  apparently  no  attempt  has 
ever  been  made  to  store  the  winter  run-off;  in  fact,  such  a  project 
may  not  be  feasible  on  account  of  the  scant  precipitation.  A  steam 
pump  has  been  placed  at  the  spring  and  the  whole  available  water 
supply  is  raised  and  carried  by  pipe  line  and  ditch  to  the  working 
ground.  When  the  dredge  was  first  started  much  difficulty  was  ex- 
perienced in  holding  the  water  to  float  the  boat,  but  it  is  stated  that 
as  the  dredge  has  advanced  toward  higher  ground  there  has  been  a 
smaller  seepage  and  less  trouble  from  this  cause.  The  engines  at 
both  dredge  and  pump  are  supplied  with  fuel  from  a  conveniently 
located  coal  bank,  which  has  been  opened  expressly  for  that  purpose. 
The  coal  is  an  excellent  bed  nearly  12  feet  thick,  without  seams  or 
partings  and  with  a  good  roof.  It  outcrops  at  the  side  of  the  gulch 
just  below  the  spring  and  is  readily  accessible,  wagons  being  driven 
directly  to  the  face  of  the  entry  for  loading.  The  coal,  a  good  sub- 
bituminous  grade,  of  lighter  weight  than  some  of  the  coals  of  the 
Yampa  field,  slacks  rapidly,  but  burns  well  and  gives  a  satisfactory 
heat. 

The  gravel  bar  at  the  dredge  is  low,  probably  20  or  30  feet  above 
the  level  of  the  stream  channel.  The  pay  gravel  is  composed  almost 
entirely  of  a  loose  white  sand  with  very  little  coarser  material.  Ap- 
parently no  especial  effort  has  been  made  to  reach  bed  rock  in  the 
dredging  ground,  the  digging  having  reached,  as  estimated,  only  5  or 
6  feet  below  the  top  of  the  ground.  Very  little  appears  to  be  known 
as  to  the  nature  of  the  underlying  bed  rock  at  that  place.  This  is 
doubtless  due  to  its  rather  indefinite  nature,  as  explained  on  another 
page. 

Above  or  north  of  the  Blevins  dredge  the  most  important  group  of 
claims  in  the  field  south  of  the  Iron  Springs  divide  lies  near  what  is 
known  as  the  Iron  Springs  bar,  in  the  east  half  of  T.  9  N.,  R.  98  W. 
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The  claims  are  located  on  a  somewhat  irregular  bench  or  high  terrace 
averaging  70  feet  or  more  above  the  present  stream  channel.  The  bar 
just  east  of  Iron  Springs  is  about  a  mile  long  from  north  to  south  and 
a  quarter  of  a  mile  in  width,  sloping  southward  at  a  grade  of  about 
60  feet  to  the  mile.  Benches  corresponding  to  this  level  appear  on 
the  neighboring  ridges.  The  sand  and  gravel  deposits  to  the  north 
are  said  to  rise  even  to  the  summit  of  the  main  divide.  The  irregular 
sage-covered  plain  affords  too  poor  exposures  for  satisfactory  tracing 
of  these  beds. 

In  sec.  14,  T.  9  N.,  R.  93  W.,  a  small  reservoir  just  below  the  spring 
marks  the  site  of  some  past  development  work.  Claims  here  are  said 
to  have  been  first  located  by  a  Mr.  Scrivener,  who  washed  the  narrow 
gulch  bottom  with  a  sluice,  using  the  water  from  the  spring.  The 
claims  were  later  taken  up  by  a  Mr.  Lahr,  who  discovered  pay  gravel 
in  the  banks,  and  drifted  in  100  feet  from  the  bottom  of  the  gulch, 
being  able,  it  is  stated,  to  make  his  living  from  the  washings  in  the 
meantime.  This  drift  evidently  reached  a  depth  of  30  feet  or  per- 
haps considerably  more  below  the  sand  or  gravel  cap  rock,  and  this 
fact  may  be  taken  to  indicate  that  the  gold  will  be  found  down  to 
considerable  depths  in  some  parts  of  the  field.  The  claims  were  later 
dropped  and  are  now  in  other  hands.  An  old  gasoline  engine  used 
to  pump  the  water  for  sluicing  stands  at  the  place.  This  property  is 
said  to  have  contained  some  rich  pay  streaks. 

VAL.UE     OF    THK     GROUIS^D. 

It  may  be  assumed  that  the  site  selected  for  the  operation  of  the 
dredge  is  as  favorable  a  locality  as  any  other  in  the  field.  Estimates 
made  by  one  of  the  interested  persons  placed  the  value  of  the  ground 
already  worked  over,  as  from  25  cents  to  several  dollars  per  cubic 
yard.  It  was  said  on  the  same  authority  that  the  dredge  was  then 
standing  on  ground  that  would  yield  $2.40  per  cubic  yard. 

A  j-eries  of  tests  were  conducted  by  Mr.  Wallihan  on  material 
obtained  near  the  Iron  Springs  bar,  but  are  hardly  complete  enough 
to  be  considered  thoroughly  representative  of  the  field.  Test  pans 
were  taken  from  various  prospects  in  that  vicinity.  The  pits  them- 
selves have  been  dug  more  or  less  at  random  over  the  placer  ground. 
They  vary  somewhat  in  size,  at  least  one  of  them  reaching  a  depth 
of  15  feet  or  more. 

The  sample  taken  in  each  case  was  a  stricken  pan  containing  20 
pounds  of  dry  material.  This  was  then  panned,  all  of  the  black  sands 
and  gold  being  saved  and  the  concentrates  being  sent  to  Denver  for 
assay.  The  following  results  have  been  calculated  from  the  returns 
of  these  assays,  on  the  assumption  that  one  cubic  yard  of  ground  will 
weigh  li  tons.    A  set  of  twelve  such  assays  showed  a  range  in  value 
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from  1.6  to  63.7  cents  per  cubic  yard.    The  average  amount  of  black 
sand  was  found  by  the  same  tests  to  be  1  ton  in  368  tons  of  material. 

It  is  thought,  however,  that  the  samples  taken  for  testing  are  not 
in  every  case  representative  or  an  average  of  the  whole  thickness 
exposed  in  the  pit.  This  is  probably  true  of  those  samples  which 
show  the  higher  values,  as  these  are  very  likely  to  have  been  shoveled 
from  some  particular  part  of  the  pit  thought  to  contain  the  pay 
streaks.  If  this  is  so,  allowance  should  be  made  to  obtain  the  average 
grade  of  all  the  material  handled. 


GOLD  DEPOSITS  OF  THE  LITTLE  ROCKY  MOUNTAINS 

MONTANA. 


By  William  H.  Emmons. 


IISTRODUCTION. 

The  eastern  half  of  Montana  is  in  the  main  a  nearly  level  country 
and  at  most  places  is  devoid  of  conspicuous  topographic  features. 
A  number  of  small  buttes  rise  above  the  plains  and  here  and  there 
small  groups  of  mountains  relieve  the  monotony  of  the  horizon. 
The  Little  Rocky  Mountains  form  such  a  group,  their  rounded  green 
summits  contrasting  in  a  striking  manner  with  the  featureless  gray 
plains  by  which  they  are  surrounded  on  every  side.  These  moun- 
tains are  in  the  southeast  corner  of  Chouteau  County,  Mont.,  be- 
tween Missouri  and  Milk  rivers.  The  group  as  a  whole  is  rudely 
elliptical  in  outline,  about  10  miles  in  greatest  length  and  8  miles 
wide,  the  longer  axis  trending  northeastward.  The  elevation  of  the 
surrounding  plains  is  approximately  3,000  feet  above  sea  level,  and 
the  highest  peaks  of  the  mountains  reach  elevations  of  about  6,600 
feet. 

The  Little  Rockies  are  35  miles  south  of  the  Great  Northern 
Railway  and  directly  south  of  the  Fort  Belknap  Indian  Reser- 
vation. The  principal  mining  camps  in  the  mountains  are  Zortman, 
Whitcomb,  and  Landusky,  each  of  which  is  provided  with  a  post- 
office  and  is  connected  by  stage  with  the  railroad.  One  line  of  stages 
makes  three  round  trips  a  week  from  Malta  to  Zortman.  Another 
line  makes  three  round  trips  a  week  from  Dodson  to  Whitcomb  and 
Zortman,  the  two  stages  leaving  the  railroad  points  on  alternate 
days.  A  third  line  of  stages  runs  three  times  a  week  from  Harlem 
to  Landusky.  The  trip  to  the  mountains  is  made  in  one  day  from 
each  of  these  points. 

In  1895  Messrs.  W.  H.  Weed  and  L.  V.  Pirsson  visited  the  moun- 
tains to  examine  the  mineral  resources  of  the  Fort  Belknap  Indian 
Reservation  for  the  commissioners  appointed  to  treat  with  the  Indian 
tribes,  with  a  view  to  segregating  the  mineral  lands  of  that  reservation. 
The  scientific  results  of  this  visit  were  published  the  following  year.** 

•Jour.  Geol.,  vol.  4,  1896,  pp.  399-428;  Eng.  and  Min.  Jour.,  vol.  61,  1896,  pp.  423-424. 
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At  this  time  the  mines  had  produced  a  small  amount  of  rich  ore, 
but  very  little  underground  development  had  been  done,  and  the 
principal  lodes  now  producing  had  not  been  discovered.  In  October, 
1907,  the  writer,  incidental  to  other  work  in  Montana,  made  a  visit 
to  the  mountains,  the  results  of  which  appear  herewith.  He  is  in- 
debted to  Messrs.  Weed  and  Pirsson,  whose  valuable  historical  and 
geologic  data  have  been  freely  drawn  upon;  and  to  the  operators 
and  prospectors  of  the  district,  who  have  been  uniformly  courteous 
in  facilitating  his  investigations. 

HISTORY  OF  DEVEIiOPMENT. 

The  placer  deposits  occurring  in  the  beds  of  the  streams  that  flow 
southward  from  the  Little  Rocky  Mountains  to  Missouri  River 
had  been  worked  intermittently  but  with  small  success  for  several 
years  before  the  lode  deposits  were  discovered.  The  lode  deposits 
came  into  prominence  in  1893,  when  gold  was  found  in  the  August 
mine,  which  at  that  time  was  within  the  boundaries  of  the  Fort 
Belknap  Indian  Reservation.  This  mine  was  worked  quietly  without 
the  knowledge  of  the  Indian  agents,  and  about  $32,000  was  taken  out 
in  sinking  a  shaft  65  feet  deep.  The  following  year  the  Goldbug  and 
other  claims  near  Landusky  were  actively  explored,  the  Goldbug  pro- 
ducing a  small  amount  of  rich  ore.  Subsequently  the  mineral  lands 
were  segregated  from  the  Indian  reservation  and  thrown  open  to 
prospecting.  As  most  of  the  ore  was  not  of  shipping  grade  the  de- 
velopment of  the  mines  was  slow.  About  $55,000  worth  of  gold  ore 
was  shipped  from  the  Alabama  mine  in  1899  and  1900,  but  aside  from 
these  shipments  the  production  was  practically  nothing  until  the 
spring  of  1903,  when  the  Zortman  cyanide  mill  was  completed.  This 
mill  was  built  by  the  Alder  Gulch  Mining  Company  and  was  supplied 
with  ore  from  the  Alabama  and  Pole  Gulch  mines.  It  was  in  opera- 
tion about  six  months  of  each  year  for  four  years.  In  October,  1907, 
the  mill  was  idle  and  the  mines  of  the  company  were  under  bond  to 
the  Little  Rockies  Exploration  Company,  which  had  a  force  of  men 
doing  exploration  and  development  work. 

The  Ruby  Gulch  mill  was  completed  in  January,  1905,  and  began 
treating  ore  from  the  Independent  mine.  This  mill  was  at  first  a 
100-ton  plant,  but  in  1907  its  capacity  was  increased  to  300  tons  a  day. 
It  has  been  in  successful  operation  ever  since  it  was  built,  and  accord- 
ing to  the  superintendent,  Mr.  E.  E.  Berry,  it  has  produced  about 
$600,000. 

Aside  from  the  returns  from  placer  mining  for  which  authentic 
information  is  not  at  hand,  but  which  were  probably  small,  the  total 
production  of  the  Little  Rockies  is  about  $950,000.  The  average 
annual  production  for  the  last  four  years,  since  the  first  cyanide  mill 
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was  built,  is  a  little  less  than  $200,000.     The  returns  for  1907  will 
probably  show  an  increase  over  this  amount. 

The  location  of  the  various  mines  is  shown  in  fig.  2. 

3IIXI]S^G    AND    MII.I.ING. 

The  form  of  the  deposits  and  the  character  of  the  ore  favor  very 
low  costs  for  both  mining  and  milling.  The  Mint,  Independent, 
and  Pole  Gulch  mines  are  all  worked  by  the  open-cut  method.  The 
ore  falls  to  the  bottom  of  the  hopper-shaped  cavities  and  is  drawn 
through  chutes  into  tunnels  driven  under  the  deposits  from  100  to 
200  feet  below  the  outcrop  of  the  ore  bodies.     By  this  method  little 


mTToB~~ 


Fig.  2. — Sketch  map  of  Little  Rocky  Mountains,  Montana,  showing  location  of  mines. 

timbering  is  necessary,  as  the  walls  stand  fairly  well;  and  at  the 
Mint  mine  three  men,  one  on  each  shift,  are  able  to  supply  the  mill 
with  300  tons  of  rock  per  day.  The  ore  is  soft  and  requires  but  little 
breaking  for  passage  through  the  chutes,  though  some  difficulty  is 
experienced  when  the  moisture  content  of  the  ore  is  high.  After 
rains  or  melting  snow,  water  collects  in  the  ore  pits,  forming  a  mud 
with  the  soft  clayey  ore.  With  the  present  method  of  treatment  no 
water  is  added  to  the  ore  until  it  reaches  the  cyanide  tanks,  and 
excessively  wet  ore  is  very  undesirable  because  it  clogs  the  ore  chutes 
and  the  elevators.  The  water  which  reaches  the  open  cuts  is  not 
surface  water  in  the  strict  sense,  but  it  probably  soaks  into  the  ground 
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just  above  the  cuts  and  seeps  out  into  the  ore  chambers  after  a  very 
short  underground  course.  There  is  a  luxuriant  growth  of  small 
pine  trees  surrounding  the  pits  and  this  prevents  surface  drainage. 
The  moisture  content  of  the  ore  could  probably  be  reduced  if  the 
country  just  above  the  pits  were  cleared  of  vegetation  and  if  a 
number  of  ditches  were  dug  so  as  to  lead  the  surface  water  from 
points  above  the  mine  directly  to  the  deep  gulches  near  by,  and  thus 
prevent  it  from  soaking  into  the  ground  and  so  reaching  the  ore  pits. 

The  Ruby  Gulch  mill  was  the  only  plant  in  operation  in  1907. 
This  is  a  300-ton  cyanide  plant  located  in  Ruby  Gulch,  1^  miles  above 
Zortman.  The  ore  passes  from  a  gravity  tramway  connected  with 
the  mine  through  a  No.  3  Gates  crusher,  from  which  it  passes  over  a 
1-inch  mesh  Jeffries  screen  set  at  an  angle  of  45°.  From  the  screen 
the  undersize  goes  to  the  tanks  and  the  oversize  is  passed  through  a 
set  of  14  by  24  inch  rolls  and  from  these  through  12  by  14  inch  rolls, 
of  which  there  are  two  sets.  From  the  fine  rolls  the  ore  passes  over 
a  1-inch  mesh  impact  screen,  the  fines  going  to  the  tanks  and  the 
coarse  material  being  returned  to  the  same  rolls.  For  leaching  the 
mill  is  provided  with  six  300-ton  tanks  and  six  110-ton  tanks.  The 
usual  period  for  leaching  is  seven  days.  Although  the  screens  used 
for  oxidized  ore  are  1-inch  mesh,  the  angle  at  which  they  set  is  so 
steep  that  the  material  passing  through  is  much  finer.  A  test  on 
screened  ore  showed  that  70  per  c^nt  of  this  material  would  go 
through  a  12-mesh  screen  after  passing  through  the  mill.  Much  of 
the  ore  is  very  fine  as  it  comes  from  the  mine.  At  one  time  a  300-ton 
tank  was  filled  with  ore  which  had  not  passed  through  the  mill  at  all 
and  a  satisfactory  saving  was  made  after  twelve  days  of  leaching. 
For  the  oxidized  ore  the  saving  is  commonly  90  per  cent,  but  for  sul- 
phide ore  it  is  lower.  The  strength  of  solution  best  adapted  for 
leaching  is  one-twentieth  of  1  per  cent.  The  ores  assay  from  $3  to  $21 
per  ton.  The  average  value  of  the  ore  since  the  mill  was  started  is 
$6.55.  The  usual  cost  of  mining  and  milling  is  said  to  be  as  low  as 
$2  per  ton  when  conditions  are  favorable.  As  the  country  is  remote 
from  a  railroad,  the  cost  of  supplies  is  high.  Steam  power  is  used 
and  wood  is  burned  for  fuel,  at  a  cost  of  $8  a  cord  delivered  at  the 
mill,  which  requires  8  cords  per  day.  The  company  owns  coal  mines 
and  water  rights  on  Rock  Creek,  and  contemplates  the  installation  of 
a  power  plant  and  the  erection  of  a  transmission  line  from  the  coal 
mines  to  the  mill.  The  lime  used  in  the  mill  is  burned  from  the  Car- 
boniferous beds  which  form  a  rim  around  the  mountains  and  it  is 
said  to  be  of  a  satisfactory  quality. 

The  Zortman  mill,  which  is  a  100-ton  cyanide  plant  located  in 
Alder  Gulch,  about  1  mile  west  of  Zortman,  treated  ore  from  the 
Alabama  and  Pole  Gulch  mines.  From  the  Alabama  mine  the  ore 
was  hauled  in  wagons  down  grade  about  1|  miles  to  a  bin  just  below 
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the  mill.  The  ore  was  elevated  by  a  short  tramway  to  the  head  of  the 
mill,  whence  it  passed  to  a  Gates  D  crusher  through  a  double  shaking 
screen,  the  upper  plate  of  which  was  1-inch  mesh  and  the  lower  plate 
§-inch  mesh  for  oxidized  ore  and  ^-inch  mesh  for  sulphide  ore.  The 
ore  passing  over  the  screen  was  sent  through  coarse  rolls  and  elevated 
back  upon  the  screen.  The  ore  going  through  the  1-inch  screen  was 
passed  through  finer  rolls  and  thence  was  also  returned  to  the  screen ; 
and  the  ore  passing  through  the  lower  screen  was  sent  over  belt  con- 
veyors into  the  tanks.  The  plant  is  provided  with  five  100-ton  tanks 
for  leaching.  The  usual  period  for  leaching  was  five  days  and  the 
saving  is  said  to  have  been  about  90  per  cent  for  oxidized  ore.  The 
method  of  treatment  was  essentially  the  same  as  at  the  Ruby  Gulch 
mill. 

The  Goldbug  mill  is  located  at  Landusky.  It  is  equipped  with  a  7 
by  10  inch  Blake  crusher,  10  gravity  stamps,  amalgamation  plates, 
and  two  Frue  vanners.  It  was  built  in  1902  to  treat  the  lower  grade 
ore  of  the  Goldbug  mine,  but  the  saving  was  not  satisfactory  and  only 
a  few  tons  of  ore  were  milled.  The  oxidized  ores  are  easily  cyanided, 
but  only  a  small  percentage  of  the  values  can  be  saved  by  amalgama- 
tion. The  quantity  and  value  of  the  sulphides  in  the  tailings  from  the 
ore,  so  far  as  developed,  are  not  sufficient  to  render  mechanical  con- 
centration profitable. 

GEOIiOGY. 

GENERAL  FEATURES. 

As  has  been  shown  by  Weed  and  Pirsson,  the  Little  Rocky  Moun- 
tains form  a  dome-shaped  uplift  of  sedimentary  and  metamorphic 
rocks  which  has  been  modified  by  the  intrusion  of  a  thick  sheet  of 
porphyry  and  by  the  erosion  of  the  younger  beds  from  the  top  of  the 
dome.  In  its  broader  features  the  structure  is  simple.  As  one  ap- 
proaches the  mountains  from  the  nearly  flat  Cretaceous  beds  which 
underlie  the  surrounding  plains  he  passes  successively  over  beds  of 
greater  age,  and  well  toward  the  interior  of  the  little  mountain  group 
he  encounters  crystalline  schists  which  are  highly  metamorphosed 
and  older  than  any  of  the  bedded  sedimentary  rocks.  The  dip  of  the 
beds  is  outward  from  the  central  axis  of  the  mountains  toward  the 
surrounding  plains,  at  a  greater  angle  than  the  average  slope  of  the 
mountains.  For  this  reason  the  older  beds  are  exposed  toward 
the  center  of  the  group  and  in  general  are  of  higher  elevations  than 
the  younger  beds  that  overlie  them. 

METAMORPHIC  ROCKS. 

The  oldest  rocks  are  crystalline  schists  which  are  exposed  in  the 
deep  gulches  in  the  interior  of  the  mountains  and  at  some  places  on 
the  higher  ridges  near  the  crest.     These  schists  are  of  pre-Cambrian 
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age  and  are  overlain  by  Cambrian  quartzite,  but  at  many  places  they 
are  separated  from  the  Cambrian  by  the  intruding  porphyry.  The 
prevailing  rock  among  the  schists  is  a  dark,  glistening  hornblende 
schist  or  amphibolite.  Locally  this  is  garnetiferous,  and  at  some 
places  rich  in  quartz  and  feldspar.  On  the  rod:d  from  Zortman  to 
the  Alabama  mine  the  schists  consist  of  thin  alternating  beds  of  dif- 
ferent character,  and  at  some  places  quartzites  are  included  in  them, 
showing  that  the  series  is,  in  part  at  least,  of  sedimentary  origin. 
These  rocks  everywhere  have  been  profoundly  metamorphosed. 

SEDIMENTARY  ROCKS. 

The  Cambrian  beds  rest  unconformably  upon  the  metamorphic 
rocks  or  are  separated  from  them  by  intruding  porphyry.  At  the 
base  of  the  Cambrian  is  a  quartzite  bed  about  75  feet  thick,  overlain 
by  shales  and  limestone,  making  altogether  a  series  about  500  feet 
in  total  thickness.  Above  the  Cambrian,  with  no  apparent  uncon- 
formity, is  a  succession  of  impure  limestones,  in  which  no  fossils 
have  been  found,  but  which  are  presumably  of  Silurian  or  Devonian 
age.  Resting  upon  these  limestones  are  large  massive  beds  of  white 
or  light-gray  limestone  rich  in  Carboniferous  fossils.  These  rocks 
are  more  resistant  to  erosion  than  the  underlying  limestones  and  form 
a  chain  of  ridges  and  peaks  around  the  mountains,  the  continuity  of 
which  is  interrupted  here  and  there  by  valleys  that  have  been  cut 
through  the  limestone  by  numerous  small  streams  flowing  outward 
from  the  central  mountain  crest.  This  broken  rim  of  Carboniferous 
rocks  is  a  conspicuous  feature  of  the  landscape,  and  it  has  been  aptly 
compared  to  the  limestone  girdle  which  encircles  the  Black  Hills  of 
South  Dakota.  On  the  low  ridges  which  slope  gently  away  from  the 
mountains  toward  the  plains  the  Jurassic  limestones  overlie  the  Car- 
boniferous beds  and  these  in  turn  are  covered  by  the  Cretaceous  sand- 
stones and  shales.  The  Jurassic  and  Cretaceous  formations  are  not 
known  to  occur  within  the  mountain  group  proper,  but  together  they 
cover  great  areas  of  the  surrounding  plains  and  badlands  country. 

PORPHYRY. 

A  large,  thick  sheet  of  igneous  rock  forms  the  central  axis  of  the 
mountains  and  is  the  country  rock  for  the  most  important  ore  de- 
posits. It  is  composed  of  syenite  porphyry  and  other  closely  related 
varieties  of  alkali-rich  rocks.  This  mass  is  nearly  circular  and  is 
about  6  miles  in  diameter.  Some  of  the  buttes  near  the  outer  rim  of 
the  mountains  are  also  capped  with  porphyry  which  is  separated  by 
limestones  from  the  main  central  mass.  The  intruding  porphyry  is 
limited  so  far  as  known  to  the  crystalline  schists  and  to  the  Cambrian 
beds.     The  horizon  between  the  schist  and  the  Cambrian  cyuiartTilfe 
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and  that  at  the  top  of  the  quartzite  and  below  the  Cambrian  shales 
appear  to  have  been  planes  of  weakness  which  were  especially  favora- 
ble for  the  intruding  rock. 

As  the  structure  of  the  mountains  is  that  of  a  dome,  with  the  dip 
away  from  the  central  axis,  and  as  the  porphyry  is  in  the  main  a 
sheet  intruded  between  the  sedimentary  beds,  it  also  dips  away  from 
the  center  of  the  uplift.  The  highest  peaks  are  capped  with  porphyry, 
but  the  crystalline  schists  also  occur  at  some  localities  near  the  top 
of  the  divide  and  they  are  exposed  at  a  large  number  of  places  in 
the  hollows  of  the  gulches  which  radiate  from  the  center  of  the  moun- 
tains. Small  areas  of  both  schists  and  limestones,  some  of  them  only 
a  few  feet  in  greatest  diameter,  are  entirely  surrounded  by  porphyry 
and  appear  to  be  isolated  masses  which  were  caught  up  in  the  in- 
trusion. Other  masses  of  limestones  are  probably  remnants,  not  yet 
eroded,  of  the  beds  which  lie  upon  the  porphyry  sheet.  The  porphyry 
appears  to  be  thickest  in  the  central  portion  of  the  mountains  and  to 
thin  out  near  the  margin,  but  its  precise  thickness  has  not  been 
measured,  as  np  favorable  section  was  found.  At  some  places  it  is 
at  least  400  feet  thick,  and  it  may  be  thicker.  The  contact  between 
the  schist  and  porphyry  shows  irregularities  or  warpings  other  than 
the  ordinary  dip  toward  the  margin  of  the  mountains,  and  the  dis- 
tribution of  the  two  rocks  with  respect  to  the  topography  as  shown 
in  fig.  3  is  not  such  as  could  result  if  the  contact  were  simply  a  tilted 
plane.  The  porphyry  sheet  is  an  intrusive  rock  and  is  younger  than 
the  rocks  which  inclose  it.  At  some  places  it  must  have  come  up 
through  the  crystalline  schists  and  at  such  places  its  contacts  with 
that  formation  are  probably  steeply  inclined  or  vertical.  At  the 
point  where  the  porphyry  rose  it  is  likely  to  be  found  to  extend  down- 
ward to  great  depth.  It  is  the  opinion  of  Weed  and  Pirsson  «  that 
one  of  the  vents  through  which  the  porphyry  rose  is  near  the  Gold- 
bug  mine.  It  is  possible  that  another  vent  is  located  in  the  vicinity 
of  the  Alabama  and  Mint  mines,  for  vertical  workings  in  the  Alabama 
mine  over  500  feet  deep  are  said  to  have  been  entirely  in  porphyry. 
Moreover,  the  contacts  between  the  porphyry  and  the  crystalline 
schists,  as  shown  on  the  map  (fig.  3),  strongly  suggest  crosscutting 
relations  at  this  place. 

The  fresh  unaltered  porphyry  is  commonly  light  gray  in  color,  and 
at  some  places  light  pink  or  purplish  pink.  The  groundmass  is  even 
and  fine  grained  and  practically  all  the  phenocrysts  are  feldspar. 
These  vary  in  size  and  in  some  varieties  of  the  porphyry  they  are 
half  an  inch  long.  No  ferromagnesian  minerals  are  present,  though 
small  dark  specks  show  where  biotite  crystals  have  altered.  At  many 
places  the  porphyry  is  extensively  brecciated  and  cemented  by  ma- 

•Op.  cit,  p.  412. 
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terial  which  is  of  about  the  same  composition  as  the  fragments,  but 
the  cement  is  usually  less  porphyritic  than  the  fragments  which  it 
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Fio.  3. — Sketch  map  of  a  portion  of  the  Zortman  mhiing  district,  Little  Rocky  Mountains, 

Montana. 

surrounds.     Under  the  microscope  the  phenocrysts  are  seen  to  b^, 
orthoclase  and  plagioclase,  and  in  some  varietv^a  «l  I^kt^  ^TC\aJ\  Qji\ax\.T* 
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phenocrysts  are  present.  The  largest  phenocrysts  are  orthoclase  and 
zonally  built  forms  made  up  of  orthoclase  and  albite.  A  few  striated 
plagioclase  phenocrysts  with  the  composition  of  acid  oligoclase  are 
usually  present.  The  groundmass  is  microcrystalline  and  is  com- 
posed of  alkali  feldspar  and  quartz,  with  fine  particles  of  magnetite. 
The  feldspars  are  slightly  kaolinized;  even  in  the  freshest  rocks 
some  white  mica  has  been  developed,  presumably  as  an  alteration 
product  of  biotite.  More  extensive  alterations  which  have  occurred 
in  the  vicinity  of  the  ore  deposits  are  described  on  page  108. 

The  syenite  porphyry,  granite-syenite  porphyry,  and  granite  por- 
phyry which  make  up  the  central  igneous  mass  appear  to  grade  one 
into  another  and  have  not  been  separated  in  the  field.  On  Montana 
Creek  a  short -distance  north  of  Landusky,  just  below  the  Cambrian 
quartzite  and  between  it  and  the  main  porphyiy  mass,  a  dark-green 
porphyry,  possibly  a  contact  phase,  was  examined  by  Weed  and 
Pirsson  and  proved  to  be  tinguaite,  a  variety  of  phonolite. 

ORE   DEPOSITS. 

GENERAL  CHARACTER  AND  STRUCTURAL  RELATIONS. 

The  ore  deposits  of  the  Little  Rocky  Mountains  are  (1)  zones  of 
fractured  porphyry  replaced  and  cemented  by  quartz  and  pyrite  and 
(2)  replacement  deposits  in  limestone  near  intruding  porphyry. 
The  ore  carries  as  a  rule  from  $3  to  $7  in  gold  and  about  an  ounce  of 
silver  to  tlie  ton.  Here  and  there  are  small  bodies  of  high-grade 
shipping  ore.  The  most  important  deposits  are  in  the  porphyry  and 
these  fall  naturally  into  two  groups.  One  of  these  is  the  Zortman 
group,  which  includes  the  Mint,  Independent,  and  Alabama  lodes; 
the  other  is  the  Landusky  group,  which  includes  the  Goldbug,  Au- 
gust, and  other  lodes  near  by.  The  Landusky  group  is  about  4  miles 
southwest  of  the  Zortman  group.  All  the  lodes  of  the  Zortman 
group,  so  far  as  known,  trend  west  of  north;  those  of  the  Landusky 
group  trend  east  of  north. 

There  is  no  evidence  that  the  movements  which  resulted  in  •  the 
formation  of  openings  that  permitted  the  solutions  to  enter  the 
porphyry  and  deposit  their  burden  produced  spaces  of  any  con- 
siderable size.  These  movements  resulted  rather  in  shearing  and  in 
brecciation  along  fissured  zones,  with  a  large  number  of  small  open- 
ings rather  than  a  single  large  open  space.  The  stresses  were  in 
part  of  a  compressive  character,  for  some  of  the  country  rock  near 
the  Alabama  lode  is  noticeably  sheared.  The  irregular  width,  short 
length,  and  lack  of  definition  of  some  of  the  deposits  in  the  Lan- 
dusky group  may  be  attributed  to  this  cause. 

The  lodes  in  porpliyry  range  in  width  from  a  few  inches  to  70  feet. 
They  are  not  everywhere  of  a  gi'ade  to  pay  for  working,  but  at  both 
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the  Mint  and  Independent  cuts  it  was  found  profitable  to  mill  the 
lodes  to  a  width  of  more  than  50  feet  for  200  or  300  feet  along  the 
strike  of  the  deposit.  As  the  lodes  are  replacement  deposits  and  grade 
imperceptibly  into  the  porphyry,  it  is  at  some  places  a  very  difficult 
matter  to  determine  what  is  ore  except  by  assaying.  This  is  true 
especially  where  the  barren  porphyry  in  the  mineralized  area  is 
slightly  stained  with  iron  oxide. 

The  lodes  in  the  Zortman  district  appear  to  be  fairly  persistent  in 
length.  One  of  them  has  been  followed  continuously  for  1,200  feet 
along  its  strike,  and  surface  workings  indicate  that  it  is  longer. 
Nearly  all  the  lodes  are  cut  by  fissures,  commonly  called  "walls." 
These  are  as  a  rule  slickensided  and  grooved,  indicating  that  they 
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Pio.  4. — Vertical  section  through  the  Independent  lode  at  open  cut,  near  Whltcomb,  Mont. 

are  planes  of  movement.  At  some  places  crushed  quartz  occurs  along 
them,  which  shows  that  the  movement  was  later  than  the  deposition 
of  the  ore.  They  do  not  determine  the  limits  of  the  ore  body  and 
are  not  walls  in  the  strict  sense  of  the  term.  At  many  places  there 
is  ore  behind  them,  and  some  of  them  cut  across  the  ore  body,  running 
at  one  place  near  the  hanging-wall  side  and  at  another  on  the  foot- 
wall  side.  Many  of  them  split  and  inclose  masses  of  ore  and  country 
rock,  and  some  of  them  cross  the  vein  at  a  considerable  angle.  Fig.  4 
is  a  cross  section  at  the  Independent  open  cut,  showing  two  such 
fissures  crossing  the  ore  body ;  followed  along  the  strike  these  fissures 
intersect  in  the  lode  a  short  distance  to  the  north  of  the  line  of  the 
section.  Some  of  the  slickensided  planes  follow  the  lodes  with  singu- 
lar persistence.    One  of  them  can  be  traced  for  1^00  feet  aivd\sv^5ftfo 
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entire  distance  does  not  completely  cross  the  ore  body.  This  parallel- 
ism of  the  lodes  and  the  slickensided  planes  seems  to  indicate  that  the 
lodes  are  planes  of  weakness,  and  it  is  an  illustration  of  the  general 
fact  that  fissures  have  a  strong  tendency  to  follow  planes  along  which 
movement  has  already  taken  place. 

It  is  not  good  mining  to  follow  these  fissures  or  "  walls  "  too  closely, 
as  they  leave  the  lode  at  some  places  and  strike  out  into  the  country 
rock,  and  as  they  do  not  everywhere  limit  the  lodes.  Good  ore  may 
be  found  beyond  them  or  on  both  sides  of  them,  and  in  many  places 
frequent  assaying  is  necessary  to  keep  on  the  ore  body. 

The  replacement  deposits  in  limestone  have  not  been  developed 
sufficiently  to  determine  their  character.  So  far  as  known  they  all 
occur  near  the  contact  of  the  limestone  with  the  porphyry,  but  they 
are  not  contact-metamorphic  deposits,  for  the  sedimentary  rocks  near 
the  porhyry  are  not  noticeably  metamorphosed. 

MINERALS  OF  THE  DEPOSITS. 

Gold, — Gold  occurs  in  pyrite  and  in  quartz  and  in  the  oxidation 
products  of  pyrite  ore.  It  is  so  finely  disseminated  that  the  ores  can 
not  be  successfully  amalgamated.  Small  bodies  of  native  gold  the 
size  of  a  pinhead  have  been  found  in  oxidized  ore  from  the  Alabama 
mine,  but  most  of  the  gold  is  not  visibly  to  the  naked  eye.  A  gold 
telluride  occurs  in  several  of  the  deposits. 

Silver, — Most  of  the  ore  carries  about  an  ounce  of  silver  to  the  ton. 
A  portion  of  the  silver  values  are  recovered  by  the  cyanide  process. 
The  silver  probably  forms  an  alloy  with  the  gold. 

Quartz, — Quartz  is  an  original  constituent  of  the  porphyry,  where 
it  occurs  in  the  main  as  microcrystalline  anhedra  in  the  groundmass. 
Secondary  quartz  replaces  both  the  phenocrysts  and  groundmass  of 
the  porphyry,  and  small  veinlets  of  quartz,  a  fraction  of  a  millimeter 
wide,  are  numerous  in  the  porphyry  near  the  deposits.  The  payable 
ore  at  some  places  is  cut  by  small  veinlets  of  milky  quartz  a  centi- 
meter wide,  which  do  not  carry  gold. 

Feldspars, — The  phenocrysts  of  the  porhyry  are  orthoclase  and 
acid  oligoclase  and  where  the  porphyry  is  not  excessively  altered 
these  minerals  are  abundant  constituents  of  the  ore.  Secondary 
orthoclase  occurs  as  clear  fresh  crystals  which  have  been  deposited 
on  the  older  altered  orthoclase  presumably  by  the  vein-forming 
solutions. 

Magnetite, — Magnetite  is  present  as  minute  bodies  which  are  pri- 
mary constituents  of  the  jDorphyry  and  as  an  alteration  product  of 
biotite.      Xo  magnetite  was  noted  in  the  ore  that  replaces  limestone. 

Kaolin, — Kaolin  is  abundantly  formed  through  the  alteration  of 
feldspar,  and  such  alteration  is  not  confined  to  the  vicinity  of  the 
ore  deposits. 
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Sericite. — Sericite,  or  white  mica,  is  an  abundant  constituent  of 
the  ore.  It  occurs  as  minute  foils  replacing  orthoclase  and  is  exten- 
sively developed  in  the  groundmass  of  the  mineralized  porphyry. 

Pyrite. — Pyrite  is  the  only  sulphide  which  was  noted  in  the  ore 
and  in  depth  is  present  in  considerable  quantity.  It  occurs  as  small 
irregular  bodies  and  as  well-formed  crystals  replacing  porphyry,  and 
in  places  in  the  Independent  lode  there  are  masses  of  pure  pyrite  of 
considerable  size.  It  fills  numerous  small  cracks  which  cut  the  re- 
placed porphyry  and  commonly  it  coats  the  fragments  of  the  crushed 
ore.  Fibrous  and  globular  pyrite,  having  the  habit  of  marcasite  but 
of  brassy-yellow  color,  were  noted  in  the  Independent  mine  near  the 
surface. 

Fluorite. — Purple  fluorite  is  present  in  all  the  producing  mines 
and  is  a  conspicuous  mineral,  though  it  forms  only  a  small  portion 
of  the  ore.  It  occurs  as  irregular  bodies  and  as  small  tabular  masses 
along  planes  of  movement  parallel  to  the  lode  and  it  is  usually  asso- 
ciated with  the  ore  of  high  grade.  It  replaces  both  limestone  and 
porphyry.  In  the  porphyry  it  is  as  a  rule  a  more  or  less  earthy 
variety,  and  under  the  microscope  some  of  it  is  colorless.  Fine 
crystals  of  purple  fluorite  are  present  in  the  Pole  Gulch  deposit  in 
limestone. 

Calcite, — Calcite  is  an  abundant  constituent  of  the  deposits  which 
replace  limestone.  The  country  rock  is  more  or  less  marmorized  and 
is  cut  by  the  veinlets  of  white  calcite,  which  are  as  a  rule  less  than  1 
inch  wide.  In  these  deposits  crystals  of  calcite  nearly  half  an  inch 
in  diameter  are  associated  with  quartz  and  fluorite.  The  oxidized 
ores  of  the  lodes  in  porphyry  carr}'^  a  trace  of  calcite,  but  none  could 
be  found  in  the  sulphide  ore  of  such  lodes. 

Limonite, — Limonite  is  invariably  present  in  the  oxidized  ores  and 

some  of  the  deposits  carry  a  considerable  quantity  of  this  mineral. 

Most  of  it  is  the  earthy  amorphous  variety,  but  here  and  there  a 

pseudomorph  after  pyrite  is  present.     Brecciated  fragments  of  por- 

'  phyry  are  cemented  by  limonite  and  it  coats  fragments  of  crushed  ore. 

Manganese  oxide. — The  dark-brown  powder  which  is  present  in 
some  of  the  ore  is  one  of  the  oxides  of  manganese.  The  presence  of 
this  powder  is  regarded  as  a  favorable  indication  of  values,  as  it  is 
commonly  associated  with  the  high-grade  ore. 

Copper  carbonate, — Small  bunches  of  green  copper  carbonate  are 
present  in  the  oxidized  ore,  but  this  mineral  is  rare. 

REPLACEMENT  PROCESSES. 

The  porphyry  of  Antoine  Butte  is  a  granite-syenite  porphyry. 
The  phenocrysts  are  up  to  5  millimeters  long  and  are  evenly  spaced 
through  the  rock.  A  specimen  collected  by  Weed  and  Pirsson  from 
Antoine  Butte  was  analyzed  by  Dr.  H.  N.  Stokes  in  the  laboratory  of 
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the  United  States  Geological  Survey.*    The  theoretical  composition 
or  norm  calculated  from  this  analysis  gives : 

Norm  of  porphyry  from  Antoine  Butte,  Montana, 

Quartz 0. 20 

Ortboclase .28 

Albite L .41 

Anorthite .  05 

Water  and  other  constituents .00 

1.<K) 

The  phenocrysts  are  made  up  of  orthoclase  and  striated  plagio- 
cla^e — about  the  composition  of  acid  oligoclase.  The  proportion  of 
the  plagioclase  in  the  groundmass  is  very  small.  The  action  of  the 
mineral  solutions  on  this  rock  was  as  follows:  Pyrite  and  quartz 
carrying  more  or  less  gold  partly  replaced'  both  phenocrysts  and 
groundmass ;  the  feldspar  phenocrysts  were  altered  partly  or  entirely 
to  sericite  and  kaolin  and  fresh  clear  orthoclase  was  deposited  on  the 
older  feldspars.  Locally  the  porphyry,  especially  where  crushed,  was 
partly  replaced  by  fluorite ;  the  finely  powdered  porphyry  was  almost 
completely  replaced  and  this  now  consists  of  an  intimate  intergrowth 
of  small  square  crystals  of  fluorite  between  the  interstices  of  which 
are  many  minutely  microscopic  bodies  of  quartz. 

OXIDATION  OF  THE  ORE. 

The  primary  ore  is  in  the  main  a  hard,  brittle  porphyry,  carrying 
a  notable  amount  of  pyrite  and  secondary  quartz.  The  fresh,  un- 
altered porphyry  is  a  light-colored  rock  with  a  dense,  fine-grained 
groundmass  showing  practically  no  dark  constituents.  Where  this 
has  been  finely  crushed  the  powder  has  been  completely  replaced,  and 
small  angular  fragments  are  now  surrounded  entirely  by  the  quartz 
and  pyrite.  The  sulphide  ore  is  best  exposed  in  the  lower  workings 
of  the  Independent  lode,  where  at  some  places  sulphide  ore  grades 
into  the  altered  porphyry  without  any  definite  dividing  line  between. 

Near  the  surface  the  pyritiferous  ore  has  oxidized  to  a  variable 
depth.  As  shot  down  in  the  pits  the  harder  ore  consists  mainly  of 
porphyry,  broken  as  a  rule  to  small  angular  fragments  which  are 
covered  more  or  less  completely  with  a  thin  coating  of  iron  oxide  and 
cut  through  with  thin  seams  of  the  same  material.  The  richer  portion 
of  the  ore  is,  however,  either  a  reddish-brown  or  black  material  al- 
most as  fine  as  dust. 

The  lower  limit  of  the  zone  of  oxidation  is  at  some  places  200  feet 
below  the  surface.  On  the  Mint  claim  pyrite  is  just  beginning  to  ap- 
pear at  that  depth.     In  the  Independent  open  cut,  oxides  mixed  with 

«  Washington,  II.  S.,  Prof.  Taper  U.  S.  Geol.  Survey  No.  14,  1903,  p.  147. 
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pyrite  extend  at  some  places  to  the  surface  and  generally  appear  at  a 
depth  of  25  feet  or  less.  In  the  Alabama  mine  the  ore  is  partly  oxi- 
dized at  a  depth  of  400  feet  and  it  contains  a  noticeable  amount  of 
pyrite  at  100  feet.  Exclusive  of  relatively  small  seams  of  finely  pow- 
dered limonitic  and  manganitic  ore,  the  gold  values  in  the  sulphides 
and  in  the  oxides  are  said  to  be  approximately  equal. 

GENESIS  OF  THE  ORES. 

The  ores  were  deposited  as  sulphides  and  probably  by  ascending 
waters.  There  is  a  large  amount  of  calcite  in  the  ore  of  the  replace- 
'  ment  deposits  in  limestone,  but  no  calcite  or  other  carbonate  could 
be  found  in  the  sulphide  ore  of  the  lodes  in  porphyry,  by  either 
chemical  or  microscopic  examination,  and  there  is  only  a  trace  of 
calcite  in  the  oxidized  ore  of  the  lodes  in  porphyry.  A  great  thick- 
ness of  limestone  has  been  eroded  from  above  the  deposits  in  por- 
phyry, for  residual  masses  of  the  limestone  rest  upon  the  porphyry 
and  the  porphyry  mass  is  surrounded  by  a  girdle  of  overlying  lime- 
stone. If  the  solutions  had  been  descending  through  some  higher 
horizon  now  eroded,  they  should  have  passed  through  this  limestone 
and  would  probably  have  dissolved  lime  carbonate  and  redeposited  it 
with  the  ore.  The  absence  of  more  than  a  trace  of  calcite  in  the  oxi- 
dized ore  further  suggests  that  secondary  enrichment  by  waters  de- 
scending through  the  overlying  limestone  into  the  lodes  or  brecciated 
zones  in  porphyry  was  not  a  process  of  ^eat  importance. 

FUTURE  OF  THE  DISTRICT. 

Owing  to  the  great  width  of  the  lodes,  their  linear  extent,  and  the 
depth  to  which  oxidation  has  extended,  the  success  of  the  camp  in 
the  immediate  future  does  not  seem  to  depend  directly  on  the  avail- 
ability of  sulphide  ores.  But  when  the  oxidized  ores  shall  have  been 
exhausted  the  value  and  extent  of  the  sulphide  ores  will  be  a  question 
of  first  importance.  Although  sulphide  ore  of  fair  grade  has  been 
found  in  the  Independent  mine,  this  ore,  because  of  the  greater  dif- 
ficulty of  saving  the  values,  has  not  proved  so  attractive  as  the  oxi- 
dized ores  of  the  Mint  claim,  and  the  workings  in  sulphide  ore  are 
of  small  extent.  The  data  at  present  available  are  insufficient  to  form 
a  sound  basis  for  prediction  as  to  the  extent  of  the  sulphide  ore  in 
depth.  In  this  connection,  however,  two  features  should  be  consid- 
ered—  (1)  the  character  and  extent  of  the  mineralization  of  the  crys- 
talline schists  below  the  porphyry;  (2)  the  thickness  of  the  intruding 
porphyry. 

Concerning  the  character  and  extent  of  the  mineralization  of  the 
crystalline  schists  few  data  are  at  hand.  These  rocks  are,  as  already 
stated,  of  much  greater  age  than  the  porphyry  which  contains  the 
ore  and  as  they  were  present  when  the  ores  were  deposited  it  is  quite 
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likely  that  they  will  be  found  to  carry  sulphides  where  the  lodes 
cross  them.  Near  the  head  of  Peoples  Creek,  in  one  of  the  tunnels 
of  the  Fergus  Mining  Company,  the  schists  are  locally  replaced  by 
pyrite.  On  the  other  hand,  no  important  deposits  have  yet  been  dis- 
covered in  the  schists  and  they  can  hardly  be  regarded  aLs  affording 
a  favorable  ore  horizon.  The  vertical  extent  of  the  porphyry,  then, 
is  a  factor  of  economic  importance.  As  already  stated,  the  porphyry 
is  in  the  main  a  sheet  from  300  to  400  feet  thick,  intruded  between 
the  arched  Cambrian  rocks  or  at  the  base  of  these  rocks  above  the 
crystalline  schists.  Necks  through  which  the  porphyry  rose  may  ex- 
tend downward  through  the  crystalline  schists  and  at  such  places 
the  thickness  of  the  porphyry  may  be  considerably  greater.  It  is 
possible  that  future  developments  will  show  this  structure  at  the 
Alabama  mine,  where  the  thickness  of  the  porphyry  is  known  to  be 
above  the  average. 

On  the  whole  the  conditions  on  which  costs  depend  are  favorable. 
Owing  to  the  isolation  of  the  locality  and  the  high  cost  of  living, 
labor  has  been  somewhat  higher  here  than  at  most  of  the  other  camps 
in  Montana.  Power  is  expensive  and  the  cost  of  transportation  of  mill 
supplies  is  heavy.  Wood  fuel,  which  has  hitherto  been  the  sole  source 
of  power,  is  not  of  the  best  quality  and  sells  at  a  high  price.  Power 
plants  can  not  be  constructed  as  readily  as  is  possible  in  larger  moun- 
tain groups,  as  the  streams  which  drain  the  Little  Rockies  are  small. 
Good  coal  is  said  to  occur  on  the  plains  to  the  south  of  the  mountains 
and  this  seems  to  be  the  most  available  source  of  power.  The  form 
and  character  of  the  ore  deposits  themselves  favor  unusually  low 
costs. 

DETAII.KD    DKSCRlPTlOIiJ^S. 

MINT  MINE. 

The  Mint  mine  is  located  near  the  head  of  Ruby  Gulch,  about  2,000 
feet  northwest  of  Whitcomb.  It  is  owned  by  the  Ruby  Gulch  Mining 
Company  and  is  the  most  productive  deposit  in  the  Zortman  district. 
It  has  yielded  more  than  $350,000  worth  of  gold  and  silver.  The  lode 
followed  northward  crosses  the  crest  of  the  mountains  and  ore  has 
been  discovered  on  both  sides  of  the  divide,  but  the  main  workings 
are  on  the  southern  slope.  The  lowest  level  is  an  adit  driven  west- 
ward about  150  feet  to  the  lode.  From  the  point  of  intersection  the 
lode  is  followed  southward  from  the  adit  for  200  feet  and  northward 
for  about  800  feet.  Several  raises  are  turned  from  this  adit  and  are 
used  to  draw  ore  from  the  open  cut  above,  which  at  its  highest  point 
is  about  180  feet  above  the  level  of  the  adit.  The  Carter  tunnel  is  175 
feet  higher  than  the  main  working  tunnel  and  is  driven  northward 
along  the  ore  body  for  400  feet.    What  is  presumably  the  same  ore 
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body  is  opened  by  surface  workings  at  two  or  three  places  north  of 
the  north  end  of  the  adit. 

The  country  rock  is  porphyry,  which  constitutes  the  main  central 
axis  of  the  mountains.  The  crystalline  schists  outcrop  )3oth  to  the 
west  and  to  the  east  of  the  lode,  only  a  few  rods  away  on  either  side. 
Their  position  is  shown  in  fig.  3  (p.  103).  A  broken  line  in  this  figure 
.  indicates  that  though  the  lode  is  known  to  be  present  its  width  is 
unknown  at  such  places. 

The  lode  is  a  zone  of  shattered,  cemented,  and  replaced  porphyry. 
Its  average  strike  is  N.  28°  W.  and  it  is  approximately  vertical.  As 
mined  it  is  from  20  to  70  feet  wide. 

The  ore  is  highly  oxidized  throughout  the  explored  portion  of  the 
lode.  In  a  winze  sunk  in  ore  75  feet  below  the  level  of  the  lowest 
tunnel,  giving  a  depth  of  200  feet  below  the  surface,  no  sulphides 
whatever  appear,  and  only  small  bunches  of  pyrite  occur  here  and 
there  at  the  north  breast  of  the  tunnel,  which  is  about  an  equal  dis- 
tance below  the  surface.  The  ore  as  mined  is  in  the  main  finely  shat- 
tered and  decomposed  porphyry,  covered  with  a  thin  coating  of  iron 
oxide.  Some  of  the  porphyry  is  highly  silicified.  The  ore  carries 
from  $3  to  $21  in  gold  and  about  1  ounce  of  silver  to  the  ton,  the 
general  average  as  shown  by  mill  runs  being  $6.55.  The  richest 
parts  of  the  lode  are  rudely  tabular  bodies  of  finely  pulverized  red 
or  chocolate-brown  ore,  which  when  damp  has  the  plasticity  of  clay. 
These  bodies  are  approximately  parallel  to  the  lode  and  are  from  6 
inches  to  6  feet  wide.  Generally  they  occur  along  planes  of  move- 
ment. Bunches  of  earthy  fluorite  occur  here  and  there  in  the  high- 
grade  ore  and  some  of  them  carry  high  values. 

The  open  cut  above  the  adit  is  300  feet  long  and  workable  ore  is 
said  to  extend  beyond  the  cut  at  each  end,  making  a  shoot  of  workable 
ore  which  is  altogether  600  feet  long.  N'orth  of  this  ore  shoot  is  a 
block  of  ore  which  is  of  too  low  grade  to  be  worked  with  profit,  but 
still  farther  north  the  tunnel  passes  through  another  body  of  profit- 
able ore  whose  dimensions  have  not  been  ascertained.  The  main  adit 
is  nearly  everywhere  driven  along  a  slickensided  plane  which  per- 
sistently follows  the  lode  and  which  may  be  traced  continuously  for 
1,000  feet.  This  plane  of  movement  is  east  of  the  ore  at  most  places 
and  it  dips  to  the  west,  hence  it  is  regarded  as  the  foot  wall  of  the 
vein,  though  the  ore  occurs  below  it  at  many  places.  Another  slick- 
ensided plane  in  the  lower  tunnel  is  crossed  by  slickensided  slips  at 
right  angles.  These  slips  do  not  displace  ?he  fissures,  which  run 
nearly  parallel  with  the  lode,  nor  are  they  displaced  by  them  to  a 
notable  extent. 

INDEPENDENT  MINE. 

The  Independent  mine,  which  is  situated  about  1,200  feet  south  of 
the  Mint,  is  also  owned  by  the  Ruby  Gulch  Mining  Company.    Th^ 
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deposit  closely  resembles  that  of  the  Mint  mine,  and  it  is  possible  that 
the  two  mines  are  on  the  same  lode,  although  the  connection  has  not 
been  definitely  established.  The  ore  is  worked  from  an  open  cut,  225 
feet  long,  110  feet  deep,  and  from  10  to  70  feet  wide.  An  adit  is 
driven  to  the  bottom  of  this  cut  and  another  one  125  feet  below  it. 
The  lower  adit,  driven  northwestward,  intersects  the  lode  250  feet 
from  the  portal  and  follows  it  for  300  feet.  The  ore  is  drawn  through 
chutes  to  the  lower  tunnel  and  is  hauled  over  a  level  tramway  to  the 
mill. 

The  lode  is  a  shear  zone  in  porphyry.  Near  the  surface  the  ore  is 
oxidized  and  is  of  the  same  general  character  as  that  of  the  Mint 
mine,  but  contains  less  fine  material.  The  difference  in  the  amount  of 
oxidation  of  the  two  deposits  is  very  noticeable.  In  the  Independent 
open  cut  the  pyrite  extended  at  one  place  to  the  surface  and  it  is  gen- 
erally encountered  at  a  depth  of  not  more  than  25  feet.  At  100  feet 
in  depth  the  ore  is  essentially  all  pyrite.  The  mixed  oxide  and  sul- 
phide ore  is  said  to  carry  about  $6.50  in  gold,  and  the  unoxidized  ore 
below  the  sulphide  ore  runs  a  little  lower.  Postmineral  fissures  cut 
the  ore  body,  as  in  the  Mint  mine,  but  in  the  Independent  they  do 
not  follow  the  lode  so  closely.  Two  such  fissures  which  intersect  at  a 
large  angle  along  their  strike  may  be  plainly  seen  on  the  surface 
above  the  open  cut.  There  is  ore  on  both  sides  of  these  fissures,  as 
shown  in  fig.  4  (p.  105),  which  is  a  cross  section  of  the  Independent 
at  the  open  cut. 

ALABAMA  MINE. 

The  Alabama  mine  is  near  the  head  of  Ruby  Gulch,  about  1,500 
feet  west  of  the  Independent  mine.  It  is  owned  by  the  Alder  Gulch 
Mining  Company,  and  when  visited  in  October,  1907,  was  under 
bond  to  the  Little  Rockies  Exploration  Company,  which  had  a  force 
of  men  engaged  in  exploration.  The  mine  is  said  to  have  produced 
about  $200,000  worth  of  ore,  of  which  the  richer  portion  was  shipped 
to  smelters  and  that  of  the  lower  grade  was  milled  at  the  Zortman 
mill  on  Alder  Gulch. 

A  crosscut  tunnel  reaches  the  lode  some  300  feet  from  the  portal 
and  follows  it  northward  for  about  1,000  feet.  From  this  tunnel  a 
raise  extends  to  the  surface  a  distance  of  about  255  feet,  and  a  winze 
is  sunk  near  the  bottom  of  the  raise  to  a  depth  of  250  feet.  Levels 
are  turned  in  the  lode  at  intervals  of  50  feet.  When  the  mine  was 
visited  the  levels  150  feet  below  the  adit  were  under  water. 

The  lode  is  a  shear  zone  in  porphyry.  The  ore  is  a  brecciated 
porphyry,  replaced  and  cemented  by  quartz,  pyrite,  and  other  min- 
erals. On  the  surface  the  ore  is  completely  oxidized  and  at  places 
it  is  partly  oxidized  400  feet  below  the  surface.  A  streak  of  rich 
ore  composed  in  part  of  purple  fluorite  has  furnished  a  large  part 
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of  the  shipping  ore.  Some  of  this  ore  shows  specks  of  free  gold, 
but  part  of  the  gold  is  a  telluride  and  panning  does  not  reveal  its 
presence  until  after  it  has  been  roasted.  The  rich  streak  seems  to 
have  undergone  more  movement  than  the  remainder  of  the  lode  and 
it  is  as  a  rule  greatly  crushed.  It  is  from  a  few  inches  up  to  2  feet 
wide,  but  it  has  not  been  found  throughout  the  length  of  the  ore 
body. 

The  average  strike  of  the  lode  is  N.  12°  W.  and  it  dips  about  87° 
W.  Its  maximum  width  is  30  feet.  The  principal  ore  shoot  is  just 
north  of  the  winze,  and  on  some  of  the  levels  is  about  250  feet  long. 
It  has  been  stoped  downward  to  a  depth  of  about  450  feet.  To  the 
north  of  this  ore  shoot  workable  ore  has  been  found  here  and  there 
in  the  adit  tunnel,  and  at  the  north  breast  of  this  tunnel,  which  is  400 
feet  below  the  surface,  the  face  carries  8  inches  of  dark  sulphide  ore 
that  assays  $14  in  gold.  Across  the  breast  for  a  width  of  5  feet  the 
average  value  is  $3,  exclusive  of  the  rich  streak.  In  the  raise  from 
the  adit  to  the  surface,  at  a  depth  of  50  feet,  the  ore  consists  of  mixed 
iron  oxides  and  pyrite.  The  groundmass  of  the  replaced  porphyry 
is  a  black,  flinty,  pyritiferous  ore,  and  large  crystals  of  feldspar  have 
been  leached  out,  leaving  vdistinct  negative  crystal  forms,  the  largest 
of  which  are  about  half  an  inch  long.  Some  of  these  are  now  filled 
with  spongy  reddish-brown  silica,  which  carries  high  values  in  gold. 
Other  feldspar  cavities  do  not  contain  quartz  but  are  partly  filled 
with  soft  white  kaolin.  Postmineral  fissures  follow  the  vein  closely, 
forming  the  so-called  walls.  Some  of  these  are  thin,  knife-edge 
seams,  grooved  here  and  there  and  case-hardened  on  the  sides.  At 
some  places  the  ore  along  them  is  much  brecciated  and  locally  reduced 
to  a  soft  mass,  cut  through  here  and  there  by  narrow  veinlets  of 
barren  white  quartz.  One  of  the  most  persistent  of  the  fissures  ap- 
pears to  form  the  boundary  of  the  lode  on  its  east  side.  From  the 
surface  to  the  bottom  of  the  255-foot  raise  on  the  adit  level  it  dips 
from  85°  to  89°  W.  Near  the  adit  level  it  rolls,  the  dip  changing  to 
70°  to  85°  E.    The  richest  ore  occurs  near  this  fissure. 

On  the  surface  above  the  mine,  about  100  feet  northwest  of  the  top 
of  the  raise  from  the  adit  to  the  surface,  a  shaft  has  recently  been 
sunk  in  iron-stained  sheared  and  brecciated  porphyry  which  is  said 
to  carry  $20  to  the  ton  in  gold.  This  ore  is  apparently  independent 
of  that  encountered  in  the  older  workings,  but  the  present  develop- 
ments do  not  show  the  character  or  outlines  of  this  ore  body. 

BIG  CHIEF  CLAIM. 

The  Big  Chief  claim  is  west  of  the  Mint  and  north  of  th^  Alabama 
mine,  near  the  crest  of  the  main  divide  of  the  mountains.  It  has 
been  prospected  by  several  trenches,  surface  pits,  and  shallow  shafts, 
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some  of  which  were  inaccessible  in  1907.  A  tunnel  is  driven  west- 
ward 410  fec;t  into  the  mountain,  following  a  smooth  plane  of 
movement  which  strikes  N.  73°  W.  and  dips  about  67°  S.  Eighty 
feet  from  the  portal  the  tunnel  is  intersected  by  an  incline  which 
is  also  simk  on  the  slickensided  plane. 

The  country  rock  is  granite-syenite  porphyry,  sheeted  and  stained 
by  iron  oxide  on  fracture  planes  and  locally  silicified.  The  shat- 
tered porphyry  is  said  to  carry  gold. 

POLE  GULCH  MINE. 

The  Pole  Gulch  mine  is  3,500  feet  S.  10°  E.  of  the  Zortman  mill, 
with  which  it  is  connected  by  a  level  tramway.  The  south  end  of 
the  tramway  is  laid  in  an  adit  that  is  driven  southward  800  feet  to 
a  point  below  the  ore  body.  The  country  rock  is  limestone  and  all 
the  mining  has  been  done  near  the  surface,  mainly  by  the  open-cut 
method.  The  caved  stopes  and  open  cuts  are  at  most  places  contin- 
uous and  make  a  large,  shallow,  irregular  cavity  about  200  feet 
wide  and  325  feet  long.  The  limestones  encountered  in  the  adit  are 
grayish  buff  in  color  and  dip  about  15°  SE.  They  are  marmorized 
and  to  some  extent  replaced  by  quartz.  'When  the  mine  was  visited 
most  of  the  underground  workings  below  the  ore  body  had  caved 
and  their  relation  to  the  structure  could  not  be  satisfactorily  made 
out.  At  some  places  the  deposits  appeared  to  follow  the  bedding 
planes  of  the  limestone  and  at  other  places  to  cut  across  the  bedding. 
The  ore  is  soft  and  partly  decomposed  limestone,  locally  silicified 
and  stained  with  iron  oxides.  Bunches  of  earthy  purple  fluorite 
occur  here  and  there  and  are  regarded  as  indicative  of  good  ore. 
The  mill  runs  are  said  to  have  averaged  from  $3  to  $4  a  ton. 

BEAVER  CREEK  DEPOSITS. 

On  Beaver  Creek,  2  miles  northeast  of  the  Mint  mine,  there  is  a 
large  body  of  limestone  about  a  mile  long  which  is  nearly  or  entirely 
surrounded  by  porphyry.  Where  best. exposed  the  limestone  dips  34° 
NW.  In  several  small  excavations  bodies  of  low-grade  ore  have  been 
found.  When  the  camp  was  visited  in  1907  very  little  work  had  been 
done  on  these  deposits,  but  they  had  recently  been  sold  to  the  Ruby 
Gulch  Company  for  $20,000  and  this  company  was  planning  extensive 
developments  in  the  near  future.  The  principal  deposit  is  near  the 
north  contact  of  the  limestone  and  porphyry.  It  appears  to  strike 
westward  and  where  developed  is  of  considerable  width.  In  the  most 
extensive  tunnel  the  ore  body  is  45  feet  across  and  is  said  to  average 
$5  in  gold  to  the  ton.  What  is  possibly  the  same  lode  is  encountered 
in  two  short  tunnels  about  800  and  1,400  feet  to  the  west,  where  the 
altered  country  rock  for  15  feet  is  said  to  carry  $4  in  gold  to  the  ton. 
The  ore  consists  of  decomposed,  iron-stained  limestone,  spongy  brown 
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silica,  and  black  cherty  silica.  The  deposits  are  probably  not  of  con- 
tact-metamorphic  origin,  for  the  limestone  near  by  does  not  show  any 
marked  effect  of  contact  metamorphism. 

CLAIMS  OF  THE  FERGUS  MINING  COMPANY. 

The  Fergus  Mining  Company  has  a  large  group  of  claims  near  the 
head  of  Peoples  Creek.  They  are  for  the  most  part  in  porphyry,  but 
some  of  the  workings  are  in  the  crystalline  schists.  The  principal 
tunnel  is  driven  into  the  hill  N.  17°  E.  for  270  feet.  At  the  breast  a 
portion  of  the  wall  rock  is  a  hard,  glistening  amphibole  schist,  carry- 
ing considerable  pyrite.  Higher  on  the  hill  several  pits  and  short 
tunnels  are  driven  along  zones  of  fractured  porphyry  stained  by  iron 
oxide  and  said  to  carry  gold. 

GOLDBUG  MINE. 

The  Goldbug  mine  is  located  about  I4  miles  northwest  of  Landusky, 
on  the  ridge  between  Mill  Creek  and  Montana  Creek.  It  has  been 
worked  now  and  then  since  1893  and  small  shipments  of  rich  ore  were 
made  in  1904.  In  1902  a  10-stamp  amalgamating  mill  was  built  at 
Landusky  to  treat  the  lower-grade  ore,  but  this  process  was  appar- 
ently not  successful,  as  only  a  small  amount  of  ore  was  treated.  Five 
gold-bearing  lodes  are  said  to  have  been  discovered  on  the  property. 
None  of  these,  so  far  as  developed,  is  extensive.  The  deposits  are 
sheared  and  brecciated  zones  in  porphyry  and  as  a  rule  strike  north- 
eastward. They  have  been  prospected  at  several  places  by  short  tun- 
nels and  open  cuts  and  some  stoping  has  been  done.  The  stopes  are 
short  and  range  from  a  few  inches  to  several  feet  in  width.  The  ore 
consists  of  shattered  porphyry  and  quartz  cemented  by  quartz  and 
limonite,  and  some  of  the  porphyry  is  replaced  by  quartz.  Fluorite, 
pyrite,  and  tellurium  minerals  occur  here  and  there.  At  some  places 
well-defined  slickensided  planes  form  the  walls  of  the  lodes. 

AUGUST  MINE. 

The  August  mine  is  about  three-fourths  of  a  mile  north  of  the 
Goldbug.  It  was  worked  secretly  in  the  winter  of  1893,  while  the 
ground  was  yet  within  the  Fort  Belknap  Indian  Reservation,  and 
$32,000  worth  of  rich  gold  ore  was  taken  out  in  sinking  a  shaft  65 
feet  deep.  Since  then  it  has  produced  very  little  ore.  In  1907  it  had 
the  appearance  of  a  mine  which  has  long  been  idle.  The  deposit  is 
similar  to  that  of  the  Goldbug  mine  and  the  ore  consists  of  brecciated 
porphyry  cemented  by  quartz  and  highly  stained  by  limonite.  North- 
east of  the  August  mine  a  number  of  short  tunnels  have  been  driven 
on  iron-stained  sheeted  zones  of  porphyry.  These  zones  commonly 
show  grooved,  slickensided  surfaces,  the  general  trend  of  which  is 
about  N.  35°  E. 
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ELLA  C.  CLAIM. 

The  Ella  C.  claim  is  situated  between  the  Goldbug  and  August 
mines.  The  lode  is  a  sheeted  zone  in  porphyry  which  strikes  N.  35° 
to  40°  E.  This  zone  is  about  2  feet  wide,  is  composed  of  fragments 
of  porphyry  cemented  by  quartz  and  limonite,  and  is  said  to  carry 
$20  a  ton  in  gold. 

SUSIE  CLAIM. 

The  Susie  claim,  which  is  a  short  distance  southeast  of  the  August 
mine,  is  owned  by  C.  R.  Liebert  and  Peter  Sieh.  The  lode  strikes 
northeastward  and  is  explored  in  several  shallow  pits.  It  is  a  brec- 
ciated  zone  of  altered  porphyry  that  has  been  recemented  by  iron 
oxide  and  quartz,  which  carry  gold.  A  slickensided  fissure  with 
hard,  polished  surfaces  coincides  approximately  with  the  hanging 
wall  of  the  lode.  This  fissure  strikes  N.  43°  to  67°  E.  and  dips  about 
47°  SE.  Below  the  fissure  the  lode  is  from  G  inches  to  3  feet  wide 
and  is  said  to  carry  $15  in  gold  to  the  ton. 


GEOLOGY  AND  MINERAL  RESOURCES  OF  THE  OSCEOLA 
MINING  DISTRICT,  WHITE  PINE  COUNTY,  NEV. 


By  F.  B.  Weeks. 


IISTRODUCTION. 

As  a  part  of  thfe  general  reconnaissance  of  the  Great  Basin  region 
the  geology  of  the  region  was  studied  by  J.  E.  Spurr  <»  in  the  summer 
of  1899  and  by  the  writer  in  1900.  The  geologists  of  the  Wheeler 
Survey  ^  also  published  some  general  observations  on  the  region.  A 
portion  of  October,  1907,  was  spent  by  the  writer  in  making  a  more 
detailed  study  of  the  geology  and  mineral  resources  of  the  Osceola 
mining  district. 

GElS^RAIi  DESCRIPTION   OF  THE  SNAKE  RANGE. 

The  Snake  Range,  in  which  is  located  the  Osceola  mining  district, 
is  one  of  the  most  prominent  and  extensive  mountain  ranges  between 
the  Wasatch  and  the  Sierra  Nevada.  It  extends  between  latitude 
38°  30'  and  40°  30',  a  distance  of  135  miles  parallel  to  and  a  little 
west  of  the  Utah-Nevada  boundary.  (See  fig.  5.)  As  an  orographic 
feature  it  comprises  the  Deep  Creek  or  Ibanpah  Range  and  the  con- 
necting hills  designated  as  Kern  Mountains  on  the  map  of  the 
Wheeler  Survey.  The  Snake  Range  is  about  10  miles  in  width.  The 
interior  portion  has  been  eroded  into  sharp  ridges  trending  in  general 
with  the  range,  and  the  east  and  west  flanks  descend  in  steep  slopes 
or  bold  escarpments  to  the  valleys  below.  Snake  Valley  occupies  a 
broad  depression  on  the  east  and  opens  into  the  southwest  end  of 
Great  Salt  Lake  desert.  Spring  Valley,  west  of  the  Snake  Range, 
extends  from  the  Cedar  Range  on  the  south  to  the  so-called  Kern 
Mountains  on  the  north.  The  difference  in  elevation  between  the 
valleys  and  the  highest  part  of  the  range  is  about  6,000  feet.  The 
rugged  character  of  the  range  makes  it  a  formidable  barrier  to  east 
and  west  travel.    There  are  only  four  natural  passes  which  afford  a 

-Bull.  U.  S.  Geol.  Survey  No  208,  1903,  pp.  25-36. 

>  Rept.  U.  S.  Geog.  Surv.  W.  100th  Mer.,  vol.  3,  1875,  pp.  240-242. 
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practicable  route  for  wagon  roads.  The  highest  summit  of  the  range 
is  Wheeler  Peak  (locally  known  as  Jeff  Davis  Peak),  which  has  an 
elevation  of  12,000  feet.  In  the  region  of  the  Osceola  mining  district 
the  range  presents  an  abrupt  face  to  the  west  and  a  long,  gentle  slope 
to  the  east. 

Upon  a  basement  complex  of  granite  and  schist,  only  a  small  area 
of  which  is  exposed,  there  has  been  deposited  a  series  of  Paleozoic 


Pig.   6. — Map  showing  location  of  Osceola  and   Tungsten   mining  districts,   White   Phie 

County,  Nev. 

sediments  from  8,000  to  10,000  feet  in  thickness.  As  shown  by  their 
fossils  the  strata  were  laid  down  in  Cambrian,  Ordovician,  and  Car- 
boniferous time,  a  long  interval  of  nondeposition  occurring  through- 
out the  Silurian  and  Devonian  periods.  Some  beds  of  unknown 
age  may  represent  the  Mesozoic  era,  but  the  evidence  is  inconclusive. 
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On  the  lower  slope  of  the  range  in  certain  areas  there  are  sands  and 
gravels  which  lie  above  the  Lake  Bonneville  beds  and  which  were 
probably  laid  down  in  late  Tertiary  time.  At  the  north  end  of  the 
range  terraces  of  the  Pleistocene  Lake  Bonneville  have  been  noted. 
It  seems  probable  that  from  Carboniferous  time  to  the  present  the 
greater  part  of  this  area  has  been  subject  to  erosion. 

Considerable  bodies  of  igneous  materials  are  exposed  in  the  north- 
ern and  central  portions  of  the  range.  These  igneous  masses  intruded 
Carboniferous  strata  and  so,  in  part,  at  least,  are  Mesozoic  or  younger. 

The  prominent  structural  feature  of  the  range  is  a  dome  in  the 
region  of  Wheeler  Peak,  which  both  to  the  north  and  to  the  south 
passes  into  anticlinal  folds  whose  axes  in  general  trend  with  that  of 
the  range.  This  structure  has  been  subsequently  modified  by  com- 
pression and  faulting  and  by  the  intrusion  of  igneous  masses,  so  that 
the  sedimentary  beds  generally  have  steep  dips  and  are  in  many  lo- 
calities separated  by  considerable  displatements.  This  is  especially 
true  in  the  region  of  the  Osceola  mining  district. 

OSCEOJLA  MIXING   DISTRICT. 

SITUATION  AND  PHYSICAL  FEATURES. 

This  mining  district  is  about  35  miles  east  of  Ely,  Nev.,  the  south- 
ern terminus  of  the  Nevada  Northern  Railroad.  It  includes  the  crest 
and  western  slope  of  the  Snake  Range  in  the  vicinity  of  Osceola.  The 
east-west  wagon  road  through  the  district  is  the  principal  route  of 
travel  between  Utah  and  central  Nevada.  Near  the  summit  on  the 
eastern  side  the  road  forks,  a  branch  leading  over  the  Sacramento 
Pass  and  descending  to  Spring  Valley  on  the  west. 

The  principal  drainage  lines  in  the  mining  district  are  Dry  Gulch 
and  Mary  Ann  Canyon  and  along  them  and  in  their  alluvial  fans 
occur  the  most  important  placer  deposits.  The  stream  beds  are  dry 
during  most  of  the  year.  About  one-fourth  mile  above  Osceola,  near 
the  wagon  road,  are  several  small  springs  and  a  small  stream  flows 
from  the  mouth  of  the  New  Moon  mine.  The  elevation  of  the  dis- 
trict ranges  from  6,000  to  9,600  feet  above  sea  level.  The  region  is 
arid,  the  principal  precipitation  being  in  the  form  of  snow. 

GENERAL  GEOLOGY. 

The  distribution  of  the  rocks  in  this  district  is  shown  in  the  sketch 
map  forming  fig.  6,  and  a  general  section  is  given  in  the  following 
table. 
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General  geologic  section  of  the  Osceola  mining  district. 


No.  In 
flg.  7. 


Age. 


Character. 


Thidroess. 


Gravel,  coarse  to  fine,  gold  bearing 

Gray  to  white,  rather  pure  limestones   and 
dark-blue  crystalline  limestones. 

Green  sandy  shales.  OleneUus  zone 

White,  blue,  and  purple  quartzites.srold  bearing. 

Purple  argillite 

do __- — .  Conglomerato 

Archean  (?) '  Granites    and  schists,   with   intruded   granite 

,      porphyry. 


Recent 

Upper  and  middle  Cambrian. 


Lower  Cambrian 

do 

do _ 


Feet. 
Up  to  80 
1.000 

150 

2.000 

750 

100  to  160 


Recent          Upper  Lower          Lower  Lower      Archean?      Prospect 

Wash      ft"^  middle  Cambrian  Cambrian  Cambrian     Qranite 

Cambrian         shale  QuarCite  Argillite 
Limestone 

Fig.  G. — Sl^etch  topographic  and  geologic  map  of  the  Osceola  mining  district      Contour 

Interval  100  feet.     Mines:   1,  Cumberland;  2,  Golden  Eagle;  3,  Crescent;  4,  Time  Check; 

5,  Exchange;   6,   New  Moon;   7,  Gold   Hill;    8,  Gold  Crown;    9,  Queen;    10,  King;   11. 

Whitney  group;  12,  Mulligan  group;  1^,  Drummer  shaft;  14,  Mayday;  15,  Serpent;  16, 

June.     Dotted  lines  are  boundaries  of  rock  areas. 
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Fig.  7  is  a  cross  section  showing  the  structural  relations  along  a 
line  crossing  Dry  Gulch. 

A  short  distance  south  of  the  mining  district  and  near  the  crest  of 
the  range  is  an  area  of  granite  and  schist  overlain  by  a  coarse  con- 
glomerate which  grades  into  a  compact  argillaceous  rock  resembling  ^ 
argillite.  The  argillite  is  succeeded  by  a  series  of  quartzites  which 
pass  into  shales  containing  an  Olenellus  fauna.  It  appears  from 
these  observations  that  there  is  exposed  here  a  small  area  of  the  base- 
ment complex  rocks.  Their  structure  has,  however,  been  broken  by 
an  intrusive  mass  composed  largely  of  gray  and  red  granite  por- 
phyry which,  north  of  the  road  crossing  the  range  to  Osceola,  has 
penetrated  through  strata  of  possible  Carboniferous  age.*»  On  the 
divide  north  of  Wheeler  Peak  certain  observations  made  in  an  area 
of  poor  rock  exposures  indicate  that  the  granite  porphyry  cuts 
through  the  granites  and  schists  of  supposed  Archean  age.^  These 
Archean  rocks  are  much  finer  in  grain  and  generally  more  basic  than 
the  intrusive  rocks.     By  the  presence  of  sheared  zones  and  general 


A  6000  fivt  abotv^Kalei'el 


Pig.  7. — Structure  section  along  line  A-B,  fig.  6.     1,  Recent;  2,  upper  and  middle  Cam- 
brian ;  3  to  6,  lower  Cambrian  ;  7,  Archean   (?). 

schistose  structure  they  bear  evidence  of  stresses  and  strains  which 
were  not  observed  in  the  intrusive  granite  porphyry. 

The  conglomerate  which  overlies  the  basement  complex  is  about 
100  feet  thick  and  is  formed  of  large  subangular  pebbles  and  bowlders 
derived  from  the  older  rocks.  The  conglomerate  pebbles  gradually 
become  more  rounded  and  smaller  in  size,  argillaceous  material  form- 
ing a  considerable  portion  of  the  rock,  which  passes  into  a  massive 
bedded  argillite.  The  argillaceous  series  is  about  700  to  800  feet 
thick  and  is  well  exposed  on  the  eastern  slope  of  the  high  ridge  that 
forms  the  crest  of  the  range  east  of  Osceola. 

In  this  region  the  dip  ranges  from  25°  to  40°  NW.^  and  where  the 
strata  are  cut  by  the  intrusive  porphyry  they  have  been  altered  for 
the  most  part  into  a  bluish-gray,  generally  schistose  rock  that  has* 
been  called  "  silvery  slate."  This  series  is  overlain  by  gray  and  white 
fine-grained  quartzites.  The  beds  have  been  thoroughly  silicified  and 
contain   many   veinlets  of  probably  secondary  quartz.     They  have 

«  Spurr,  J.  E.,  Bull.  U.  S.  Geol.  Survey  No.  208,  1903,  p.  32. 

»Idem,  pp.  26-27. 

*>  Directions  given  in  this  paper  are  magnetic. 
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also  been  subjected  tx)  compression  and  numerous  extensive  belts  of 
cross  fracturing  have  been  developed  in  which  the  quartzite  has  been 
broken  into  small  angular  fragments.  The  quartzite  series  has  been 
estimated  to  be  2,500  feet  in  thickness.  In  the  upper  part  of  these 
beds  occur  the  gold  deposits  and  from  the  erosion  of  their  outcrop- 
ping edges  the  placer  deposits  in  and  along  the  sides  of  the  gulches 
and  in  the  alluvial  fans  have  been  formed. 

The  quartzitfe  is  succeeded  by  about  150  feet  of  green  sandy  and 
argillaceous  shales.  Where  the  outcrop  of  these  beds  crosses  the 
south  end  of  the  ridge  facing  Spring  Valley  fossils  of  OleneUus  type 
were  found.  These  are  the  lowest  beds  in  which  fossils  are  known 
to  occur,  though  careful  search  was  made  for  them  in  the  argillite. 

Above  the  shale  series  occur  dark-blue  and  gray  limestones  about 
1,000  feet  thick.  The  individual  beds  range  from  1  to  3  feet  in  thick- 
ness, but  in  the  crest  of  the  ridge  facing  Spring  Valley  there  are  about 
100  feet  of  thin-bedded  and  shaly  blue  limestones.  The  dark-blue 
limestones  immediately  overlie  the  shales  and  for  the  most  part  are 
crystalline  or  semicrystalline  and  contain  numerous  calcite  veins. 
The  gray  limestone  is  comparatively  pure  and  ranges  from  dark  gray 
to  white  in  color.  Fossils  have  been  collected  at  several  horizons  in 
the  limestone  series  on  the  east  and  north  slopes  of  the  ridge  facing 
Spring  Valley  and  these  have  been  determined  as  forms  character- 
istic of  the  middle  and  upper  Cambrian.'* 

Within  the  area  of  this  mining  district  there  are  no  other  sedimen- 
tary rocks  except  the  recent  deposits  in  which  occur  the  placers. 
These  deposits  are  from  a  few  inches  to  80  feet  thick.  The  gravel 
ranges  from  fine  to  coarse  and  contains  few  large  bowlders. 

HISTORY  OF  MINING  DEVELOPMENT. 

In  1877  work  was  begun  on  the  placer  deposits  of  Dry  Gulch.  A 
few  quartz  locations  were  made  prior  to  that  time.  It  is  reported 
that  300  to  400  miners  were  working  on  the  placers  during  1877  to 
1880  and  during  the  latter  year  400  placer  and  lode  locations  were  on 
record.  The  important  placer  properties  in  Dry  Gulch  became  the 
property  of  the  Osceola  Gravel  Mining  Company,  subsequently 
known  as  the  Osceola  Placer  Mining  Company,  in  the  early  eighties. 
Prior  to  1890  this  company  had  constructed  two  ditches  approximat- 
ing 34  miles  in  length,  at  a  cost  of  about  $200,000.  The  operations 
of  this  company  and  of  individuals  continued  until  about  1900,  when 
on  account  of  light  snowfall  and  the  loss  in  efficiency  of  the  ditch 
from  leaky  flumes  and  other  causes  work  was  discontinued. 

The  alluvial  fan  which  spreads  out  from  the  mouth  of  Mary  Ann 
Canyon,  in  the  southern  part  of  the  district,  is  locally  known  as 

•  Fossils  mentioned  in  tliis  report  have  been  determined  by  Mr.  Charles  D.  Walcott 
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Hogum.  Here  pay  gravel  was  found  several  years  after  the  dis- 
coveries in  Dry  Gulch  and  the  deposits  have  been  worked  intermit- 
tently since  that  time. 

Several  attempts  have  been  made  to  work  the  gold-quartz  prop- 
erties on  a  small  scale.  Three  mills  of  5,  10,  and  20  stamps  have 
been  erected  and  operated,  but  none  of  them  has  been  commercially 
successful.  It  is  admitted  that  more  than  50  per  cent  of  the  values 
went  down  the  gulch  with  the  tailings.  Since  field  work  was  com- 
pleted the  20-stamp  mill  has  been  partly  repaired  and  a  run  of  sev- 
,  eral  hundred  tons  of  ore  from  the  Cumberland  mine  has  been  made. 
The  results  are  not  known. 

From  all  accounts  that  have  been  obtained,  it  seems  safe  to  esti- 
mate that  the  production  of  gold  from  this  district  approximates 
$2,000,000,  of  which  about  one-tenth  was  probably  derived  from  the 
quartz  mines. 

MINING. 

The  slopes  being  steep,  underground  development  is  through 
tunnels,  there  being  not  more  than  half  a  dozen  shafts  in  the  district. 
In  one  or  two  mines  an  upper  and  lower  tunnel  have  been  connected 
by  winzes.  The  quartzite  is  exceedingly  hard  and  no  timbering  is 
required  in  the  tunnels.  In  winzes  and  stopes  a  few  stulls  are  all 
that  is  needed. 

Some  ore  has  been  sacked  and  shipped  to  the  smelters,  but  the 
greater  part  has  been  locally  milled.  Stamping  and  amalgamation 
constitute  the  principal  method  of  treating  the  gold  quartz.  A 
small  cyanide  plant  was  constructed  several  years  ago  but  wag  aban- 
doned, apparently  before  receiving  a  satisfactory  trial. 

The  Boston  and  Nevada  Mining  and  Milling  Company  employs 
half  a  dozen  men  and  about  the  same  number  are  engaged  from  time 
to  time  in  doing  assessment  work  for  nonresidents.  The  average 
wage  for  miners  is  $3.50  per  day  of  eight  hours. 

All  the  mines  and  placers  have  been  located  by  prospectors  and 
working  miners.  No  extensive  consolidations  have  been  made  and 
the  camp  remains  an  aggregate  of  small  mines  and  prospects  on 
which,  with  the  possible  exception  of  the  Osceola  placers,  but  little 
outside  money  has  been  expended.  The  ores  so  far  discovered  have 
not  been  of  high  enough  grade  to  attract  lessees. 

EXTENT  OF  PRODUCTIVE  TERRITORY. 

There  seems  to  be  no  ground  for  assuming  that  the  productive  ter- 
ritory extends  beyond  the  limits  of  the  area  shown  on  the  map  (fig.  6). 
So  far  developments  indicate  that  the  deposits  are  confined  to  fairly 
well  defined  zones  in  the  quartzite.  It  has  been  thought  by  some  that 
the  same  mineral  belt  extends  northeastward  to  the  recently  opened 
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Black  Horse  district.  It  may  be  that  the  effects  of  the  same  dynamic 
forces  which  developed  the  lode  systems  in  this  district  extended  to 
the  Black  Horse  district,  but  a  slight  examination  of  that  region  in- 
dicates that  although  the  lithologic  characters  of  the  strata  are  in 
general  similar,  the  beds  at  Black  Horse  were  deposited  during  a  later 
period  and  the  ores  are  very  different  in  character. 

The  fissures  appear  to  be  confined  to  the  quartzite.  They  were  not 
observed  in  the  overlying  shales  and  limestones  and  the  underlying 
«rgillite  has  not  been  exposed  in  the  underground  workings.  To  the 
^^ast  and  south  of  the  area  mapped  the  argillite  series  is  well  expMed 
and  shearing  with  more  or  less  movement  along  the  bedding  pinnies 
16  a  prominent  feature,  the  beds  being  locally  altered  to  a  silvery  liate. 

DISTRIBUTION  OF  MINES. 

The  areas  of  greatest  mineralization  are  (1)  the  ridge  on  the  west 
and  south  sides  of  Dry  Gulch,  (2)  the  slopes  of  Mary  Ann  Canyon, 
and  (3)  the  nortli  end  of  the  main  mountain  ridge.  (See  fig.  6.)  In 
the  Dry  Gulch  area  are  situated  what  is  locally  known  as  the  Gold  Ex- 
change group,  including  the  Woodman,  Golden  Eagle,  Star,  Time 
Check,  Crescent,  Exchange,  and  January.  There  also  are  the  Butter- 
field  and  the  Cumberland  mines.  In  the  region  of  Mary  Ann  Canyon 
are  the  Serpent,  Mayday,  Drummer,  and  other  prospects.  On  the 
north  end  of  the  main  ridge  at  an  elevation  of  about  8,000  feet  are  the 
King,  Queen,  Gold  Hill,  June,  and  Gold  Crown  claims,  locally  known 
as  the  Summit  group,  and  a  little  to  the  west  are  the  Whitney  and 
Mulligan  groups. 

UNDERGROUND  DEVELOPMENT. 

The  most  extensive  underground  workings  are  in  the  Gold  Ex- 
cliange  group.  The  tunnels  in  these  mines  have  a  total  length  of  about 
1,000  feet,  and  connect  witli  one  or  two  sliafts  and  several  stopes  and 
winzes.  In  Mary  Ann  Canyon  several  prospects  have  tunnels  from 
50  to  12r>  feot  long.  In  the  Summit  group  the  tunnels  range  from  60 
to  350  feot  in  length.  The  AMiitney  and  Mulligan  groups  have  about 
the  Siuno  amount  of  development.  The  three  tunnels  in  the  Cumber- 
land mine  have  a  total  length  of  approximately  IJOO  feet 

STRUCTURE  OF  THE  GOLD  DEPOSITS. 

There  apjx^ar  to  lx»  only  two  ty|:>es  of  auriferous  deposits  in  the  dis- 
trict '{!)  n^gular  zones  of  fracturing  or  sheeting  and  (2)  irregularly 
sliattoriHl  masses  of  quartzite  adjacent  to  these  rones  of  fracture.  In 
most  phuvs  there  is  no  distinct  line  of  demarcation  between  the  two 
tyjH\<.  Thon^  an^  no  massive  veins  solidly  filled  with  quartz  such  as 
are  oharacteristio  of  many  other  regions. 
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The  most  characteristic  structure  is  the  sheeted  zone.  In  this  dk- 
tridl^  these  zones  consist  of  narrow,  nearly  parallel  fissures  forming 
lodes  ranging  from  several  inches  to  15  feet  in  width.  In  the  wide 
belts,  which  may  be  considered  as  compound  sheeted  zones,  there  are 
generally  one  or  more  zones  of  closely  spaced  fissures.  The  sheeted 
zones  contain  some  fracture  planes  which  show  slickensiding,  but  the 
displacement  appears  to  be  slight.  This  may  be  due  to  the  brittle 
character  of  the  fine-grained  quartzite  that  forms  the  country  rock. 
Beds  which  are  broken  into  fine  brecciated  masses  lie  between  mas- 
sive beds  of  quartzite  which  apparently  were  not  affected  by  the  com- 
pressive stress. 

Circulating  waters  carrying  silica  in  solution  have  filled  the  fis- 
sures of  the  sheeted  rock.  The  original  openings  were  small,  and 
they  are  as  a  rule  completely  filled.  The  most  important  exception 
is  the  Cumberland  lode,  in  which  the  vein  material  contains  many 
vugs  lined  with  gold,  fluorite,  and  other  minerals. 

The  lodes  are  in  places  conspicuously  exposed,  forming  bold  out- 
crops of  quartz.  They  are  somewhat  more  resistant  to  erosion  than 
the  country  rocks,  but  can  not  be  followed  on  the  surface  for  a  very 
great  distance.  There  are  also  lodes  in  the  mines  which  do  not 
appear  at  the  surface.  It  is  therefore  impossible  to  describe  in  detail 
the  lode  systems,  as  there  is  a  relatively  small  amount  of  under- 
ground work  and  the  limits  of  the  fracture  zones  have  not  been 
reached. 

The  Osceola  lodes  form  two  intersecting  groups  of  approximately 
parallel  fissures.  In  the  northeastern  part  of  vthe  district  the  strike 
is  northeast.  In  other  parts  of  the  area  the  strike  varies  but  little 
from  east  and  west,  except  that  in  the  southwestern  part  there 
appears  to  be  a  northeast-southwest  system  of  fracture  zones  which 
cut  the  east-west  lodes.  In  general  the  lodes  do  not  converge  but 
maintain  their  direction  until  they  can  no  longer  be  distinguished 
from  the  irregular  jointing  which  occurs  in  all  the  rocks.  The  two 
systems  seem  to  have  formed  simultaneously  and  they  do  not  appear 
to  fault  each  other.  In  Mary  Ann  Canyon  the  fissures  intersect 
without  noticeable  displacement.  The  intersection  is  usually  marked 
by  an  irregular  broken  zone,  as  may  be  seen  on  the  outcrop  and  in  the 
upper  and  lower  tunnels  of  the  Mayday  mine. 

The  lodes  are  steeply  inclined,  nearly  all  being  above  70°  and  many 
vertical.  So  far  as  the  underground  workings  show  they  are  fairly 
regular  in  dip.  Adjacent  fissures  in  general  dip  in  the  same  direction. 
This  is  well  shown  in  the  Gold  Exchange  group.  In  many  places  the 
lodes  for  considerable  distances  are  so  ill  defined  that  the  dip  can  not 
be  determined.  It  may  be  said  in  general  that  the  east-west  lodes 
are  vertical  and  that  the  northeast-southwest  lodes  dip  at  high  angles. 
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No  systematic  relation  between  dips,  distribution  of  fissures,  and 
general  structure  of  the  district  has  been  found. 

PERSISTENCE. 

Very  little  can  be  said  definitely  regarding  the  persistence  of  the 
lodes  in  depth.  The  deepest  underground  workings  are  not  more 
than  300  feet  below  the  surface  and  the  fissures  extend  to  this  depth. 
The  ore  shoots  and  sheeted  zones  are  not  necessarily  coextensive,  for 
the  highly  productive  areas  have  generally  proved  to  be  moderate  in 
extent.  Detailed  information  concerning  the  length  of  the  lodes  is 
wanting.  In  the  Gold  Exchange  group  the  principal  lode  has  been 
fairly  well  traced  for  a  distance  of  half  a  mile,  the  west  end  being 
cut  off  by  erosion  and  the  east  end  passing  into  undeveloped  ground. 
In  the  Summit  group  not  one  but  several  fissures  which  appear  to 
replace  each  other  have  been  traced  at  irregular  intervals  for  more 
than  half  a  mile. 

ORIGIN  OF  THE  FISSURES. 

The  character  of  the  stresses  that  fissured  the  strata  is  not  easily 
determined.  It  is  clear,  however,  that  they  were  such  as  could  be 
relieved  by  fracturing  with  only  slight  displacement.  The  hypothesis 
which  seems  to  accord  best  with  field  observations  is  that  in  the  read- 
justments, which  followed  the  intrusion  of  the  magma,  stresses  were 
set  up  that  resulted  in  the  shearing  of  the  argillite  and  the  fracturing 
of  the  fine-grained,  brittle  quartzites  along  vertical  or  highly  in- 
clined zones.  Fissuring  and  the  intrusion  of  the  igneous  magma  ap- 
pear to  be  genetically  connected  and  were  followed  by  ore  deposition 
from  circulating  waters. 

CHARACTER  OF  THE  ORE. 

The  lodes  of  the  Osceola  district  contain  a  relatively  small  amount 
of  metallic  or  gangue  minerals.  Inasmucli  as  these  minerals  occur 
as  the  filling  of  narrow  fissures  or  cracks  in  the  fractured  zone  which 
usually  constitutes  a  lode,  or  as  the  incomplete  replacement  of  the 
country  rock,  the  gangue  of  the  ores  is  similar  in  character  and  com- 
position to  the  rocks  adjoining  the  fissures.  Pyrite  is  very  sparingly 
disseminated  in  grains  so  minute  as  scarcely  to  be  distinguishable  by 
the  unaided  eye.  Ferruginous  clays  are  common  in  the  fissures.  In 
certain  lodes,  particularly  that  in  the  Cumberland  mine,  the  quartz  is 
here  and  there  honeycombed  and  contains  many  vugs  lined  with 
fluorite  and  other  minerals  as  well  as  free  gold.  More  commonly  the 
gold  occurs  in  flakes  and  also  finely  disseminated  in  quartz  seams 
and  veinlets. 

So  far  as  known  gold  is  the  only  metal  of  commercial  value  in  the 
Osceola  ores.     From  the  information  available  it  is  impracticable 
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to  estimate  definitely  the  average  gold  content.  Commercial  assay 
returns  show  a  wide  range  in  value.  Three  samples  taken  by  the 
writer  gave  assay  values  of  $5,  $32,  and  $77  per  ton,  the  last  repre- 
senting the  face  of  a  tunnel  about  4  by  6  feet.  Other  samples  taken 
by  the  writer  ranged  in  value  from  80  cents  to  $4.50  per  ton  and  rep- 
resented portions  of  lodes  not  less  than  3  feet  in  width.  The  return 
from  a  shipment  of  several  tons  of  selected  ore  from  the  fractured 
country  rock  adjoining  a  fissure  zone  gave  a  value  of  $28  per  ton.  It 
is  evident  that  the  gold  content  of  the  lodes  varies  greatly,  as  in  other 
known  gold-bearing  veins.  It  is  not  unlikely  that  careful  prospecting 
will  develop  ore  bodies  of  sufficient  size  and  value  to  render  their 
exploitation  profitable. 

OXIDATION. 

The  greatest  depth  of  underground  workings  does  not  exceed  300 
feet,  and  the  sulphide  zone  has  not  been  reached,  so  far  as  known. 
No  water  is  found  in  any  of  the  mines  except  in  the  New  Moon  tun- 
nel, which  crosses  a  fault  in  the  argillite  series.  Under  present  cli- 
matic conditions  there  is  very  little  precipitation,  so  that  the  mines 
are  practically  never  wet.  The  district  stands  high  above  the  adja- 
cent valleys,  and  other  conditions  suggest  unusual  depth  of  ground 
water. 

The  greater  number  of  lodes  contain  a  considerable  amount  of 
material  oxidized  to  a  yellow  or  brown  clay,  that  does  not  appear 
to  be  easily  carried  away.  Oxidation,  however,  does  not  seem  to  have 
changed  the  composition  or  obliterated  the  structure  of  the  lode 
materials  to  any  marked  degree.  No  evidence  was  obtained  that 
there  had  been  a  secondary  enrichment  of  the  lodes  from  the  surface 
downward  by  leaching  of  the  ore.  Such  action,  however,  may  have 
taken  place  under  more  humid  climatic  conditions,  such  as  are  be- 
lieved to  have  existed  in  this  region  in  recent  geologic  time. 

ORIGIN  OF  THE  ORES. 

No  extended  discussion  of  the  origin  of  the  gold-bearing  ores  of 
the  Osceola  district  can  be  presented  here,  as  the  examination  of  the 
mines  was  not  made  in  sufficient  detail  to  determine  many  questions 
that  have  an  important  bearing  on  their  genesis,  and  it  has  not  been 
possible  to  study  the  field  collections  prior  to  the  preparation  of  this 
paper.  From  general  analogy  with  other  deposits  it  is  considered  that 
the  ores  were  deposited  from  circulating  waters  within  fissure  zones 
formed  by  compressive  stresses.  If,  as  seems  likely,  the  greater  part 
of  the  mineralization  occurred  by  deposition  from  ascending  waters 
the  silica  and  the  fluorine  in  the  fluor  spar  locally  developed  were 
derived  from  the  originally  molten  magma  that  probably  underlies 
the  region  at  no  great  depth,  in  geologic  terms.    In  an  adjoining  area 
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tungsten-bearing  veins  in  granite  porphyry  contain  a  considerable 
amount  of  jfluorite.  Evidence  bearing  on  the  source  of  the  gold  is 
inconclusive.  That  it  was  leached  from  the  quartzite  strata  is  not 
improbable,  for  there  is  some  evidence  that  they  are  gold  bearing. 
It  may,  on  the  other  hand,  have  been  separated  from  the  intrusive 
magma  and  brought  up  through  the  fissures  by  magmatic  waters. 

DETAILED  DESCRIPTION  OF  MINES. 
GOLD  EXCHANGE  GROUP. 

The  Gold  Exchange  group  comprises  eleven  lode  claims,  of  which 
three  are  fractional.  They  extend  from  the  west  face  of  Pilot  Kiiob 
Ridge  around  the  north  end,  following  the  south  and  west  slope  of 
Dry  Gulch.  The  slope  is  steep,  but  good  mountain  roads  have  been 
constructed  to  the  several  tunnel  openings.  A  20-stamp  mill  has 
been  erected  on  the  Star  ground,  which  adjoins  the  Golden  Eagle 
(No.  2  on  map,  fig.  6)  on  the  west.  Water  from  the  west-side  ditch 
has  been  used  in  operating  this  mill.  The  Star,  Golden  Eagle,  Cres- 
cent (No.  3  on  map),  and  Exchange  (No.  5)  are  patented  ground; 
the  other  claims  are  held  by  annual  assessment  work. 

The  underground  workings  on  this  group,  except  a  portion  of  the 
lower  tunnel  on  the  Star  ground,  are  in  the  upper  part  of  the  quartzito 
series.  The  average  dip  is  40°  NW.  and  the  strike  is  N.  10**  E.,  but 
both  dip  and  strike  vary  within  short  distances.  There  are  many  ver- 
tical or  highly  inclined  fault  planes,  but  the  displacements  observed 
do  not  exceed  a  few  feet.  The  shale  series  overlies  the  quartzite  and 
above  the  shales  are  the  limestones  capping  the  ridge.  Near  the  mill 
a  fault  has  thrown  down  the  limestones  and  below  these  outcrops  the 
slope  is  covered  with  debris. 

The  quartzite  strata  have  been  subjected  to  stresses  resulting  in  two 
fracture  zones,  one  having  an  east-west  direction,  the  other  north- 
east and  southwest.  The  east-west  zone  is  the  principal  one  and 
within  it  occur  many  small  displacements,  the  rocks  showing  well- 
marked  slickensides.  This  zone  can  be  traced  on  the  surface*  as  a  suc- 
cession of  "  blowouts."  In  some  of  the  beds  the  fracturing  extends 
beyond  the  usual  limits  of  the  lodes,  but  the  other  strata  retain  their 
massive  character.  The  shattered  beds  were  broken  into  small  angu- 
lar fragments. 

There  are  two  lode  systems  within  this  group,  one  within  the  Time 
Check  and  Crescent  (Nos.  4  and  ^  on  map)  and  the  other  within  the 
Golden  Eagle  (No.  2),  Exchange  (No.  5),  and  January  ground. 
They  are  approximately  parallel  and  are  several  hundred  feet  apart. 
The  latter  is  apparently  the  more  extensive  and  has  produced  the 
larger  amount  of  ore. 
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The  gold  is  concentrated  within  fissure  zones  of  varying  width 
and  is  also  disseminated  to  a  greater  or  less  extent  in  the  beds  of 
finely  shattered  quartzite.  It  is  not  known  to  what  extent  these  beds 
have  been  mineralized,  as  no  drifts  have  been  made  in  them.  They 
evidently  contain  some  pay  ore,  for  in  places  chambers  several  feet 
in  extent  have  been  stoped.  The  gold  is  rarely  visible,  being  very 
finely  disseminated. 

In  accordance  with  the  locally  held  idea  that  these  ores  are  free- 
milling  they  have  been  treated  in  the  ordinary  stamp  mill  with 
-amalgamation  tables.  These  propertied  have  not  been  worked  since 
1899  and  at  this  time  it  is  impossible  to  obtain  definite  information 
as  to  the  average  value  of  the  material  milled  or  the  percentage 
saved.  It  is  generally  conceded,  however,  that  there  was  considerable 
loss — possibly  as  much  as  50  per  cent  of  the  assay  values.  On  account 
of  the  high  degree  of  fineness  of  the  gold  and  the  fact  that  it  is  not 
all  in  the  free  state  it  is  believed  by  many  that  a  much  greater  per- 
centage of  saving  would  result  from  cyanide  treatment. 

SUMMIT   GROUP. 

The  Summit  group  of  claims  is  situated  on  the  crest  of  the  range 
about  1  mile  south  of  the  wagon  road  which  crosses  the  mountains 
from  Osceola.  Some  underground  work  has  been  done  on  each  of 
the  claims  which  comprise  this  group. 

The  Gold  Hill  tunnel  (No.  7  on  map)  is  309  feet  in  length  and  its 
direction  is  south.  It  is  entirely  in  the  quartzite  strata,  which  strike 
N.  10°  E.  and  dip  45°  NW.  They  are  generally  massive  bedded  and 
contain  several  clay  seams  and  fractured  zones  about  6  inches  in 
width.  On  the  eastern  side  of  this  claim  there  is  another  tunnel 
about  100  feet  in  length,  having  a  direction  S.  60°  W.,  with  a  drift 
to  the  south  from  the  face  of  the  tunnel  about  100  feet  long.  In 
these  workings  is  exposed  a  broad  zone  of  fractured  and  brecciated 
rock  whose  limits  are  not  known.  Considerable  ore  from  this  tunnel 
is  said  to  have  been  milled,  but  no  satisfactory  estimate  of  value 
could  be  obtained. 

The  June  tunnel  (No.  16  on  map)  varies  in  direction  and  has  a 
total  length  of  240  feet.  The  tunnel  cuts  a  fault  trending  N.  26°  E. 
East  of  the  fault,  in  the  direction  of  the  face  of  the  tunnel,  the  beds 
show  little  disturbance  but  contain  many  soft  seams  from  which  gold 
can  be  obtained  by  panning.  To  the  northwest,  or  toward  the  mouth 
of  the  tunnel,  the  quartzite  is  very  finely  brecciated.  In  this  fracture 
zone  assays  ranging  from  $8  to  $15  are  said  to  have  been  obtained, 
but  no  definite  statement  as  to  the  width  of  the  zone  furnishing  such 
assay  values  could  be  given.  This  fracture  zone  appears  to  have  a 
general  direction  of  N.  30°  E. 
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The  Grold  Crown,  Queen,  and  King  (Nos.  8,  9,  and  10  on  map)  are 
developed  to  a  small  extent  Average  assays  of  $14  are  said  to  have 
been  obtained  from  these  claims. 

Within  the  Summit  group  there  appear  to  be  at  least  three  fracture 
zones  separated  by  intervals  in  which  the  quartzites  are  relatively 
undisturbed.  The  amount  of  mineralization  varies  greatly  within 
these  zones  and  extensive  prospecting  will  be  necessary  to  determine 
the  distribution  of  the  values. 

WHITNEY  GROUP. 

The  Whitney  group  (No.  11  on  map)  has  been  prospected  by  sev- 
eral tunnels  cutting  the  shale  and  quartzite  nearly  at  right  angles  to 
the  strike.  The  strata  are  in  places  much  broken  and  shattered  and 
in  others  are  undisturbed.  Certain  fault  planes,  indicated  by  slick- 
ensided  surfaces,  have  been  followed  as  walls  in  the  tunnels.  These 
fault  planes  dip  60°  S.  Considerable  ore  has  been  mined  and  milled 
from  these  workings,  but  no  satisfactory  statement  of  its  value  could 
be  obtained. 

MULLIGAN  GROUP. 

At  the  north  end  of  the  Mulligan  group  (No.  12  on  map)  there  is 
an  incline  following  what  appeared  to  be  a  fault  fissure  nearly  filled 
with  vein  quartz.  The  fault  strikes  N.  80°  E.  and  dips  65**  S.  About 
600  feet  south  of  this  incline  is  a  tunnel  which  at  the  time  of  visit  was 
closed,  but  the  material  on  the  dump  showed  that  there  must  be  con- 
siderable underground  work  in  a  formation  of  very  finely  crushed 
white  quartzite.  At  the  south  end  of  this  group  is  a  200- foot  tunnel 
entirely  in  a  crushed  white  quartzite. 

CUMBERLAND  MINE. 

The  Cumberland  mine  (No.  1  on  map)  has  three  tunnels  having  a 
common  direction  of  S.  80°  W.,  at  vertical  intervals  of  100  to  200 
feet.  The  lower  tunnel  is  500  feet  in  length  and  follows  a  fault  zone 
in  which  are  man}^  small  fissures  showing  slickensided  surfaces  and 
dipping  both  to  the  north  and  south  at  high  angles.  In  some  places 
a  fault  plane  dipping  steeply  to  the  south  has  been  followed  until  it 
became  nearly  horizontal  in  the  roof  and  then  another  steeply  inclined 
fault  plane  farther  on  in  the  tunnel  has  been  used  as  a  wall.  In  some 
places,  for  distances  of  10  to  20  feet,  the  quartzite  strata  are  unbroken 
and  have  the  normal  strike  and  dip.  Many  beds  not  showing  distinct 
fault  planes  have  been  crushed  into  confused  masses  of  small  frag- 
ments. Clay  seams  are  abundant,  and  some  of  them  follow  bedding 
planes. 
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The  second  tunnel  was  not  examined.  The  third  and  upper  tunnel 
is  650  feet  in  length.  At  450  feet  from  the  entrance  is  a  winze  50 
feet  in  depth  and  an  upraise  to  the  surface.  In  this  upraise  there  is 
an  ore  shoot  3  to  4  feet  in  width  which  pitches  75°  S.  The  greater 
part  of  this  ore  shoot  has  been  worked  out.  Its  hanging  wall  is  a 
well-defined  fault  plane.  The  lower  edge  of  the  shoot  is  cut  in  the 
back  of  the  third  tunnel,  but  its  pitch  carries  it  to  the  south  of  the 
first  and  second  tunnels,  and  no  prospecting  has  been  done  to  deter- 
mine its  extension  in  this  direction.  It  is  reported  that  most  of  the 
ore  mined  and  milled  from  the  Cumberland  came  from  this  upraise, 
but  no  definite  information  as  to  its  average  value  could  be  obtained. 
The  ore  contains  much  free  gold,  partly  in  vugs  with  fluorite.  Many 
beautiful  specimens  have  been  found  in  these  ores. 

OTHER   PROSPECTS. 

In  the  southwestern  part  of  the  Osceola  district,  in  the  region  about 
Mary  Ann  Canyon,  there  has  been  considerable  prospecting  since 
1900.  This  area  is  locally  known  as  Hogum.  The  granite  porphyry 
is  exposed  on  the  western  edge  of  this  area  and  small  veins,  generally 
of  quartz,  extend  from  it  into  the  adjoining  sedimentary  strata.  The 
derivation  of  the  vein  filling  from  the  intrusive  mass  is  more  clearly 
shown  here  than  in  the  other  parts  of  the  district.  Although  the 
structural  features  of  this  area  have  been  affected  by  the  intrusion 
of  the  igneous  magma,  they  nevertheless  are  closely  connected  with 
those  of  other  parts  of  the  district  previously  described. 

The  Mayday  claim  (No.  14  x)n  map)  is  developed  by  a  tunnel  130 
feet  in  length  following  the  strike  of  the  vein,  which  is  S.  70°  E.  The 
gangue  material  is  nearly  all  quartz  and  it  pitches  to  the  southwest, 
or  in  the  direction  of  the  gi'anite  porphyry,  which  is  exposed  about 
one-eighth  of  a  mile  farther  south.  The  vein  contains  many  gouge 
seams  and  small  displacements.  In  the  area  between  this  vein  and  the 
granite  porphyry  the  quartzite  is  fractured  and  broken  into  small 
angular  fragments. 

The  Drummer  claim  (No.  13  on  map)  is  developed  by  a  shaft  18 
feet  in  depth  following  an  offshoot  from  the  granite  porphyry.  This 
vein  is  about  4  feet  wide  and  is  formed  of  fine-grained  granite  por- 
phyry and  quartz.    Its  general  direction  is  N.  30°  E. 

The  Serpent  claim  (No.  15  on  map)  has  two  tunnels  50  and  80 
feet  in  length.  The  entrance  to  the  upper  tunnel  is  in  the  limestone, 
which  dips  45°  NW.  and  strikes  N.  30°  E.  The  vein  strikes  N.  50°  E. 
and  dips  45°  SW.  The  ore-bearing  portion  ranges  in  width  from  a 
10-inch  vein  to  a  thin  parting.  The  best  ore,  said  to  have  been  found 
where  the  pay  streak  averaged  4  inches  wide,  assayed  $400.  Coarse 
gold  was  observed  on  exposed  faces  of  the  vein. 
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The  lower  tunnel  is  25  feet  below  the  upper  tunnel  and  has  a  direc- 
tion S.  80°  E.  The  vein  is  from  6  to  8  inches  in  width  and  dips  25^ 
SW.  The  returns  from  the  milling  of  this  ore  were  reported  as  $17 
to  $20  per  ton.    Considerable  lead  ore  is  found  in  a  parallel  vein. 

PLACERS. 

The  placer  deposits  of  Dry  Gulch  range  from  a  thin  covering  of  the 
edges  of  the  quartzite  strata  in  the  upper  part,  of  the  gulch  to  deposits 
25  to  30  feet  in  depth  in  the  lower  part,  below  which  the  debris 
spreads  out  into  an  alluvial  fan.  Hydraulicking  and  ground-sluicing 
methods  were  employed  to  recover  the  gold.  The  values  were  more  or 
less  disseminated  through  the  gravel,  the  principal  pay  deposits  being 
as  usual  near  bed  rock.  Large  nuggets  were  rarely  found,  the  gold 
being  in  general  very  fine.  There  still  remains  a  considerable  area  of 
ground  to  be  worked,  but  lack  of  water  has  thus  far  rendered  further 
operations  impracticable. 

In  the  southwestern  part  of  the  district,  in  the  area  locally  known 
as  Hogum,  the  placer  deposits  occur  in  channels  buried  under  the 
material  of  the  alluvial  fan  below  the  mouth  of  Mary  Ann  Canyon. 
They  usually  occur  in  a  stratum  overlying  a  so-called  cement  or  false 
bed  rock,  of  which  there  appear  to  be  several  at  different  levels.  The 
channels  are  worked  by  sinking  and  drifting.  The  material  is  raised 
by  a  whim,  shoveled  into  sluice  boxes,  and  washed  with  a  small  quan- 
tity of  water  from  the  ditch.  Here,  as  in  ever}^  other  part  of  the 
district,  the  gold  is  fine  and  nuggets  pf  much  size  are  seldom  found. 
Frequently  small  potholes  are  encountered  in  the  false  bed  rock. 
These  have  the  gold  concentrated  around  their  edges,  but  not  within 
them.  During  the  summer  of  1907  the  Gold  Bar  Placer  Company 
emplo3'ed  from  two  to  four  men  and  the  operations  are  said  to  have 
given  a  satisfactory  return  on  the  investment.  The  pay  stratum  was 
reported  to  have  yielded  from  $6  to  $8  per  cubic  yard. 

Placer  mining  has  also  been  carried  on  east  of  the  divide,  above 
the  town  of  Osceola,  in  Mill  and  Weaver  creeks.  THiis  area  lies  to  the 
northeast  of  that  shown  on  the  map  and  was  not  studied  in  detail. 
The  gold  is  derived  from  the  erosion  of  the  quartzite  strata,  as  in  all 
other  parts  of  the  district. 

GENERAL  SUMMARY. 

The  lode  systems  of  the  Osceola  district  are  known  to  be  extensive. 
All  of  them  carry  gold,  but  the  values  are  irregularly  distributed 
along  the  fissure  zones.  Systematic  and  extensive  prospecting  must 
be  done  to  determine  the  average  value  of  these  lodes.  It  seems  cer- 
tain that  the  average  product  of  the  lodes  will  be  a  low-grade  ore 
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which  must  be  worked  at  a  small  cost  and  in  large  quantity  to  be 
profitable. 

Water  for  milling  purposes  and  placer  mining  can  be  obtained 
from  the  several  creeks  heading  around  Wheeler  Peak,  which  are  also 
available  for  the  generation  of  electricity.  As  it  will  require  the 
waters  of  all  these  creeks  to  fully  develop  the  resources  of  the  district 
there  should  be  such  a  combination  of  interests  as  would  permit  the 
development  of  the  water  and  power  for  the  use  of  the  various  mining 
companies.  Future  development  and  prosperity  depend  on  a  concen- 
tration of  local  interests  on  a  basis  that  will  attract  capital. 
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By  J.  S.  DiLLER  and  G.  F.  Kay. 


GOIiD-QUARTZ    MllS^ES   OP    THE    RIDDIiES    QUADRA:N^Gi:iE. 

By  G.  F.  Kay. 
INTRODUCTION. 

The  Riddles  quadrangle  is  situated  in  southwestern  Oregon.  It 
is  a  30-minute"  area  and  embraces  parts  of  Douglas,  Jackson,  and 
Josephine  counties.  It  lies  immediately  south  of  the  Roseburg  quad- 
rangle, which  has  been  described  in  folio  49  of  the  Survey. 

The  geology  and  economic  resources  of  this  area  were  studied,  for 
folio  publication,  by  Mr.  J.  S.  Diller  and  myself,  during  the  summers 
of  1906  and  1907.  In  connection  with  this  work,  the  placer  deposits 
and  gold-quartz  mines  were  examined.  It  is  the  intention  in  this 
paper  to  describe  only  the  latter,  the  former  having  been  studied  by 
Mr.  Diller,  who  describes  them  on  pages  147-151. 

My  thanks  are  due  to  many  persons  connected  with  the  mines  for 
information  and  other  kindnesses,  particularly  to  Capt.  J.  S.  Buck, 
of  the  Greenback ;  Mr.  S.  G.  Adams,  manager  and  secretary-treasurer 
of  the  Baby  mine;  Mr.  John  Scribner,  of  the  Silent  Friend  mine; 
and  Mr.  J.  H.  Beeman,  of  Gold  Hill,  owner  of  the  Lucky  Bart  group. 
I  am  also  much  indebted  to  Mr.  Diller  for  many  valuable  suggestions. 

GEOGRAPHY  AND  HISTORY. 

The  Riddles  quadrangle  is  of  moderate  relief,  its  elevation  ranging 
from  about  600  feet  to  5,274  feet  above  sea  level.  In  the  northern 
part  is  South  Umpqua  River  with  its  large  tributary.  Cow  Creek. 
The  chief  streams  of  the  southern  part  are  Grave  Creek,  Jumpoff 
Joe  Creek,  and  Evans  Creek,  all  tributaries  of  Rogue  River,  which 
crosses  the  quadrangle  only  in  the  southwest  corner. 

The  Southern  Pacific  Railroad  passes  through  the  northwestern 
part  of  the  quadrangle,  reenters  it  about  the  middle  of  the  western 

"The  first  paper  of  the  group  on  the  Riddles  quadrangle  (Nickel  deposits  of  Nickel 
Mountain,  Oregon,  by  G.  F.  Kay)  was  published  in  Bull.  U.  S.  Geol.  Survey  No.  315, 
1907,  pp.  120-127. 
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side,  and  runs  southward,  keeping  within  the  quadrangle  to  its  south- 
ern boundary,  which  lies  between  Merlin  and  Grants  Pass.  There 
are  wagon  roads  along  almost  all  the  main  streams,  and  trails  run 
over  many  of  the  more  mountainous  parts.  Hence  the  region  is,  in 
general,  fairly  accessible. 

Much  of  the  higher  ground  is  covered  with  forest,  but  in  many 
of  the  valleys  there  are  small  ranches.  The  climate  is  such  that 
quartz  mining  can  be  carried  on,  without  much  inconvenience,  dur- 
ing all  seasons  of  the  year. 

The  history  of  gold  mining  in  southwestern  Oregon  dates  back 
for  more  than  fifty  years,  the  first  discovery  having  been  made  about 
the  middle  of  the  last  century.  From  that  time  to  the  present,  this 
portion  of  the  State  has  yielded  a  considerable  percentage  of  the  total 
gold  production  of  Oregon.  The  two  counties  from  which  most  of 
the  gold  has  come  are  Josephine  and  Jackson,  both  of  which  lie 
partly  within  the  Riddles  quadrangle. 

In  the  early  days  practically  all  of  the  output  came  from  the 
placers.  Between  1880  and  1890  there  was  a  small  but  gradually 
increasing  yield  from  the  gold-quartz  mines.  During  the  succeed- 
ing ten  years  the  production  of  the  placers  continued  to  decrease  and 
that  of  the  gold-quartz  mines  to  increase.  In  1905  <*  the  value  of 
the  product  of  the  placers  of  Josephine  and  Jackson  counties  was 
$165,793,  whereas  the  value  of  the  output  of  the  quartz  mines  (in- 
cluding that  of  three  quartz  mines  of  Lane  County  and  less  than 
$2,000  worth  of  gold  from  copper  ores)  was  $236,193.  Of  the  latter 
amount  the  Greenback  mine,  which  is  in  the  Riddles  quadrangle, 
contributed  a  large  part.  Since  the  fall  of  1906,  however,  this  mine, 
which  was  for  several  years  the  chief  gold-producing  mine  and  one  of 
the  best-equipped  mines  in  Oregon,  has  been  closed.  Moreover,  sev- 
eral prospects,  which  a  few  years,  ago  were  considered  very  promising, 
have  proved  disappointing  and  work  on  them  has  been  suspended. 

GEOLOGY. 

The  rocks  of  the  Riddles  quadrangle  comprise  both  sedimentary 
and  igneous  rocks  of  various  ages.  The  former  belong  mainly  to 
the  Mesozoic  and  the  Tertiary,  but  in  the  southeastern  part  of  the 
area  are  highly  metamorphosed  sedimentary  rocks,  in  which,  as  yet, 
no  fossils  have  been  found,  but  which,  owing  to  resemblances  to 
fossiliferous  rocks  occurring  farther  southwest  in  California,  are 
thought  to  be  of  Paleozoic  age.  The  igneous  rocks  are  in  large  part 
intrusive,  but  considerable  areas  show  undoubted  volcanic  characters. 

The  sedimentary  rocks  which  are  thought  to  be  Paleozoic  consist 
chiefly  of  mica  slates,  mica  schists,  and  micaceous  quartzites.  To 
the  same  system  belong  scattered  lentils  of  crystalline  limestone 

•  Mineral  Resources  U.  S.  for  1905,  U.  S.  Geol.  Survey,  1906,  pp.  288-292. 
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found  a  short  distance  beyond  the  southern  limits  of  the  quadrangle. 
These  rocks  are  widely  separated  from  the  Jurassic  of  the  quadran- 
gle by  igneous  rocks. 

The  Mesozoic  rocks  belong  to  the  Jurassic  and  Cretaceous  systems. 
The  Jurassic  sediments  consist  mainly  of  slates  and  sandstones  with 
interbedded  shales ;  conglomerates  and  cherts  are  subordinate.  These 
rocks,  particularly  the  sandstones,  usually  show  quartz  veining  and 
pronounced  induration.  The  Cretaceous  beds  consist  chiefly  of  con- 
glomerates, sandstones,  and  shales,  and  have  been  divided',  on  the  basis 
of  fossil  evidence,  into  the  Knoxville,  Horsetown,  and  Chico  forma-, 
tions.  The  Chico  is  now  represented  by  but  a  few  small  remnants  of 
the  original  widespread  formation.  The  chief  remnant  within  the 
area  of  the  quadrangle  is  on  Grave  Creek  about  6  miles  above  the 
small  village  of  Placer.  It  is  not  underlain  by  the  Horsetown  or  the 
Knoxville  but  by  older  slates  and  by  igneous  rocks.  There  is  evidence 
of  a  slight  unconformity  between  the  Knoxville  and  the  Horsetown. 
The  Knoxville  rocks  are  locally  veined  and  indurated,  but  generally 
to  a  much  less  degree  than  those  of  the  Jurassic. 

The  Tertiary  rocks  are  of  Eocene  age.  They  consist  of  yellowish 
sandstones,  shales,  and  conglomerates,  the  stratification  being  well 
preserved. 

The  evidence  indicates  a  great  unconformity  between  the  Jurassic 
and  the  Cretaceous;  a  somewhat  less  important  unconformity  sep- 
arates the  Cretaceous  from  the  Eocene. 

The  igneous  rocks  are  of  various  kinds,  including  greenstones,  per- 
idotites,  serpentines,  granodiorites,  dacite  porphyries,  and  augite 
andesites. 

The  greenstones  are  widespread  and  are  generally  altered  to  such 
an  extent  as  to  be  unsatisfactory  for  study.  Under  this  name  are 
included  several  kinds  of  rocks  so  related  in  the  field  that  it  is  prac- 
tically impossible  to  map  them  separately.  What  may  be  consid- 
ered the  normal  type  resembles,  when  fresh,  a  gabbro,  consisting  es- 
sentially of  pyroxene  and  a  lime-soda  variety  of  feldspar.  Some 
phases  of  the  greenstone  are  dioritic,  some  diabasic,  and  some  fine 
grained  and  compact,  resembling  basalt.  Moreover,  some  of  the 
rocks  included  as  greenstone  are  of  the  nature  of  volcanic  breccias; 
others  show  decidedly  vesicular  characters.  All  these  types  are,  no 
doubt,  closely  related  genetically,  but  they  may  vary  considerably  in 
age.  All  are  of  a  more  or  less  green  color  and  almost  everywhere 
they  show  marked  evidence  of  extensive  crushing  and  veining.  Asso- 
ciated with  the  greenstones  in  the  west-central  part  of  the  quadrangle 
are  a  few  lens-shaped  areas  of  rhyolite. 

The  peridotites  consist  chiefly  of  olivine  and  enstatite,  the  former 
usually  predominating,  but  locally  the  pyroxene  is  so  abundant  that 
the  rock  is  a  pyroxenite. 


MINES  OF  THE  RIDDLES  QUADRANGLE,  OREGON.  137 

The  serpentines  have  resuK  od  chiefly  from  the  decomposition  of  the 
pendotites  and  the  pyroxenites,  but  some  areas  of  the  serpentine  are 
probably  the  result  of  the  decomposition  of  basic  phases  of  the  green- 
stones. Much  of  the  serpentine  shows  shear  zones  and  slickensided 
surfaces. 

The  granodiorites  are  of  granular  texture  and  include  rocks  which 
vary  considerably  in  composition.  The  more  acidic  approach  the 
granites  and  the  more  basic  include  quartz  diorites.  These  rocks  are 
composed  chiefly  of  feldspar,  quartz,  and  hornblende  or  mica,  or,  as 
is  more  commonly  the  case,  both  hornblende  and  mica.  The  color 
varies,  depending  on  the  amount  of  dark-colored  minerals  present, 
but  the  prevailing  color  is  dark  gray.  The  feldspar  is  chiefly  plagio- 
clase  which  belongs  to  the  acid  end  of  the  soda-lime  series.  It  is 
usually  present  in  greater  amount  than  the  quartz.  The  mica  is  gen- 
erally biotite,  but  muscovite  is  also  found,  and  in  places  both  are 
present.  Apatite,  magnetite,  and  locally  garnet  are  accessory  min- 
erals. 

The  dacite  porphyries  are  thought  to  be  closely  related  genetically 
to  the  granodiorites.  They  have  a  rather  sparse  distribution,  occur- 
ring as  small  knoblike  areas  and  as  dikes.  They  are  usually  light 
colored  and  have  as  their  chief  constituents  quartz  and  soda-lime 
feldspar,  both  of  which  minerals  in  much  of  the  rock  form  distinct 
phenocrysts. 

The  augite  andesites  occur  only  in  small  dikes  and  have  been  found 
cutting  greenstones,  granodiorites,  and  the  Horsetown  formation  of 
the  Cretaceous.  The  dikes  of  this  rock  were  found  only  in  the  eastern 
half  of  the  quadrangle. 

The  relative  ages  of  the  igneous  rocks  have  been  fairly  well  worked 
out.  The  greenstones  are  the  oldest,  then  come  the  peridotites,  next 
the  granodiorites  and  dacite  porphyries,  and  finally  the  augite  ande- 
sites. Except  some  of  the  greenstone,  which  is  probably  Paleozoic, 
none  of  the  igneous  rocks  described  are  thought  to  be  older  than  the 
Jurassic,  some  are  younger  than  the  Lower  Cretaceous,  and  all,  except 
the  augite  andesites,  are  older  than  the  Eocene.  The  augite  andesites 
are  probably  related  to  the  volcanics  of  the  Cascades,  and  if  so  related 
they  are  of  Tertiary  age. 

THE  ORE  DEPOSITS. 

The  chief  gold-quartz  mines  and  prospects  of  the  Riddles  quad- 
rangle are  in  Josephine  and  Jaokson  counties,  mainly  in  the  former, 
as  indicated  on  the  accompanying  map  (fig.  8).  The  gold  quartz  is 
found  in  small  veins,  veinlets,  and  stringers  in  several  kinds  of  rock. 
Within  Josephine  County  all  the  paying  veins  have  been  in  green- 
stone; a  few  prospects  but  no  mines  have  been  located  in  serpentine. 
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A  striking  feature  in  connection  with  many  of  the  gold-bearing  veins 
found  in  the  greenstones  is  their  proximity  to  serpentine,  but  usually 
the  veins  are  cut  off  sharply  at  the  contact  of  the  greenstone  with  the 
serpentine.  This  may  indicate  either  that  the  rock  from  which  the 
serpentine  was  derived  was  younger  than  the  vein  or  that  displace- 
ments have  occurred  at  the  contact  of  the  greenstone  and  its  decompo^ 


^  Gold  mines  (In  operation)    ©  Gold  mines  (not  in  operation)    X  GokJ  prospects 
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Fig.  8. — Map  showing  gold-quartz  mines  and  prospects  of  Riddles  quadrangle,  Oregon. 

sition  product,  the  serpentine.  In  Jackson  County  the  paying  veins 
have  been  found  in  metamorphosed  sediments,  and  usually  they  are 
within  short  distances  of  dikes  or  irregular  areas  of  greenstone. 

Quartz  veinlets  are  also  found  in  the  granodiorites,  but  as  yet  no 
mine  has  been  developed  in  these  rocks  within  the  area  of  the  Riddles 
quadrangle.     However,  a  few  hundred  yards  south  of  the  southern 
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boundary,  in  the  granodiorite,  is  the  Granite  Hill  mine,  which  has 
been  for  several  years  an  important  producer  of  gold. 

The  evidence  suggests  that  all  the  gold-bearing  veins  in  the  sev- 
eral kinds  of  rock  are  younger  than  the  early  Cretaceous  and  older 
than  the  Eocene.  However,  some  of  the  veins  in  the  metamorphosed 
sediments  may  be  pre-Cretaceous. 

The  vein  filling  is  chiefly  quartz,  calcite,  and  pyrite;  here  and 
there  arsenopyrite,  pyrrhotite,  sphalerite,  chalcopyrite,  and  galena 
are  also  present.  The  action  of  the  mineral-bearing  solutions  on  the 
country  rock  adjacent  to  the  veins  was  such  as  to  produce  a  strongly 
chloritized  and,  in  places,  talcose  rock  much  of  which  contains  car- 
bonates or  pyrite. 

The  gold-producing  veins  range  in  width  from  mere  seams  to 
veins  more  than  4  feet  wide,  but  the  average  width  of  all  the  veins 
examined  was  less  than  1  foot.  In  the  best  mine  that  has  been  found 
in  the  region,  the  Greenback,  the  average  width  of  the  vein  was 
about  18  inches.  In  many  places  there  are  sheared  and  brecciated 
zones,  in  which  occur  several  veinlets  and  stringers  usually  running 
parallel  to  one  another,  but  locally  irregular  and  running  in  various 
directions.  In  general,  individual  veins  and  veinlets  are  not  con- 
tinuous except  for  short  distances,  and  in  many  localities,  to  further 
interfere  with  the  continuity  of  veins,  there  has  been  a  considerable 
amount  of  faulting  along  planes  at  various  angles  to  one  another. 
The  walls  of  some  of  the  veins  are  fairly  well  defined  for  short  dis- 
tances, but  many  of  them  show  no  distinct  boundary  between  the 
vein  material  and  the  country  rock. 

Although  gold-bearing  veins  and  veinlets  are  found  running  in 
various  directions,  those  which  have  been  most  productive  trend  in 
general  east  and  west.  For  example,  at  the  Greenback  mine  the  vein 
has  a  direction  nearly  east  and  west;  at  the  Martha  mine,  between 
northwest  and  west;  at  the  Baby  mine,  northwest  to  nearly  west;  at 
the  Corporal  G  mine,  S.  85°  W. ;  and  the  veins  of  the  Lucky  Bart 
group  run  almost  west.  The  dips  of  the  veins  range  from  nearly 
horizontal  to  vertical,  but  usually  they  are  at  fairly  high  angles. 

The  values  are  found  chiefly  in  the  quartz  of  the  veins  and  veinlets, 
but  in  the  brecciated  zones  some  gold  is  obtained  in  the  fragments  of 
chloritized  rock  which  carries  pyrite.  The  values  are  mostly  in  free 
gold,  but  the  sulphides  also  carry  gold,  the  amount  varying  consider- 
ably in  different  veins  and  in  different  parts  of  the  same  vein. 

Some  of  the  quartz  veins  which  carry  values  are  later  in  age  than 
others  which  carry  no  values.  This  is  well  shown  at  the  Baby  mine, 
where  the  gold-bearing  vein  cuts  a  much  wider  barren  vein.  The 
barren  vein  appears  not  to  have  changed  the  strike,  dip,  or  values  of 
the  Baby  vein.    In  the  neighborhood  of  the  Corporal  G  are  veins 
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which  are  themselves  barren,  but  where  the  younger  gold-quartz 
veins  intersect  theni  the  values  are  said  to  be  enriched. 

DESCRIPTIONS  OF  THE  PRINCIPAL  MINES. 

Althou^  there  has  been  much  prospecting  for  gold-quartz  veins 
during  the  last  fifteen  years  within  the  area  of  the  Riddles  quad- 
rangle, comparatively  few  important  discoveries  have  been  made  and 
some  of  the  mines  are  no  longer  producing.  Some  of  the  most  impor- 
tant mines  are  described  below. 

GREENBACK  MINE. 

The  Greenback  mine  is  situated  on  Tom  East  Creek,  a  branch  of 
Grave  Creek.  It  is  worthy  of  note  here  that  on  the  same  stream, 
below  the  Greenback,  is  the  Columbia  placer  mine,  which  is  one  of  the 
most  productive  of  southwestern  Oregon. 

The  Greenback  was  discovered  in  1897  by  two  prospectors,  who 
lived  in  the  vicinity  of  Placer  on  Grave  Creek.  They  worked  the 
deposit  for  about  a  year,  treating  the  ore  with  an  arrastre  at  Placer. 
They  then  sold  the  property  for  $30,000  to  the  Victor  Junior  Gold 
Mining  Company,  the  chief  owners  of  the  stock  being  W.  H.  Brevort, 
of  New  York,  and  Messrs.  Moffatt  and  Smith,  of  Denver.  In  1902 
more  than  90  per  cent  of  the  stock  was  purchased  by  Mr.  Brevort,  and 
the  corporation  was  named  the  Greenback  Gold  Mining  and  Milling 
Company.    No  transfer  has  since  been  made. 

From  the  time  when  the  property  came  into  the  possession  of  the 
Victor  Junior  Gold  Mining  Company  until  1906  the  development 
of  the  mine  was  rapid,  more  equipment  being  added  each  year.  At 
first  a  5-stamp  mill  was  installed,  later  5  stamps  were  added,  and 
when,  in  1902,  Mr.  Brevort  became  the  chief  owner,  there  were  15 
stamps,  besides  a  crusher,  an  air  compressor,  and  three  Wilfley  tables 
for  concentrating.  Mr.  Brevort's  company  soon  began  the  construc- 
tion of  a  new  mill,  about  a  quarter  of  a  mile  farther  down  the  stream. 
At  first  20  stamps  were  used  in  this  mill.  This  number  was  increased 
until,  in  1905,  40  stamps  were  being  used.  The  new  plant  has  three 
large  Risdon  crushers  and  12  concentrating  tables.  There  is  also 
a  cyanide  plant  consisting  of  four  large  tanks,  with  a  capacity  of 
100  tons  a  day.  For  a  while  the  mill  was  equipped  with  both  steam 
and  water  power,  but  in  1905  a  complete  electric  system  was  installed. 
,  The  power  was  brought,  by  way  of  Grants  Pass,  from  the  Ray  dam  on 
Rogue  River,  a  distance  of  about  30  miles.  However,  in  the  follow- 
ing year  (August,  1906)  all  work  at  the  mine  was  suspended  and  as 
yet  it  has  not  been  resumed. 

The  workings  of  the  mine  are  extensive,  consisting  chiefly  of  cross- 
cut tunnels  to  the  vein  and  drifts  and  shafts  on  the  vein.  Much  of 
the  ore  has  been  stoped  along  the  whole  length  of  the  vein  to  a 
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depth  of  about  1,000  feet  from  the  surface.  The  lowest  of  the  work- 
ings are  on  the  twelfth  level.  Below  the  ninth  level  the  mine  is  filled 
with  water. 

The  country  rock  is  greenstone,  which  is  considerably  metamor- 
phosed, but  where  most  free  from  alteration  it  is  of  the  nature  of  a 
gabbro.  To  the  east  and  southeast  of  the  mine  there  is  a  considerable 
area  of  serpentine,  and  a  short  distance  to  the  north  lies  the  south- 
western limit  of  a  band  of  siliceous  slates  which  extends  for  some 
miles  to  the  northeast. 

The  Greenback  vein  has  a  direction  almost  east  and  west,  and  dips, 
in  general,  about  60°  N.  It  averages  about  18  inches  in  width,  but 
ranges  from  less  than  6  inches  to  more  than  4  feet.  Where  it  is  widest 
there  is  a  crushed  zone  of  quartz  stringers  and  country  rock,  forming 
in  places  a  beautiful  breccia;  the  country  rock  of  the  breccia  is 
strongly  chloritized  and  contains  sulphides  which  carry  values.  In 
many  places  the  foot  and  hanging  walls  of  the  vein  are  fairly  definite, 
but  where  considerable  brecciation  has  occurred  there  is  no  distinct 
boundary  between  the  vein  material  and  the  chloritized  country  rock. 
The  vein  is  cut  off  sharply  to  the  east  against  serpentine  and  to  the 
west  by  a  fault.  The  vein  between  the  serpentine  and  the  fault  plane 
has  an  average  length  of  more  than  500  feet  and  within  this  distance 
there  are  only  minor  displacements.  The  vein  has  not  been  picked  up 
to  the  west  beyond  the  fault  plane,  nor  has  it  been  found  in  the  ser- 
pentine to  the  east.  This  latter  fact  tends  to  prove  that  the  rock  from 
which  this  serpentine  was  derived  was  younger  than  the  vein,  rather 
than,  as  is  indicated  in  some  places  in  the  quadrangle,  that  the  present 
relations  are  due  to  displacements  between  the  greenstone  and  its  de- 
composition product,  the  serpentine. 

The  vein  filling  consists  of  quartz,  calcite,  and  pyrite,  which  vary 
in  amount  in  different  parts  of  the  vein.  The  average  content  of  the 
ore  mined  from  the  first  and  second  levels  was  between  $8  and  $9  to 
the  ton ;  a  few  assays  on  these  levels  ran  above  $40  to  the  ton.  Captain 
Buck  states  that  over  75  per  cent  of  the  values  of  the  ore  was  free-mill- 
ing. The  concentrates-  ran  about  $75  to  the  ton  and  after  cyaniding 
the  ores  contained  less  than  $1  to  the  ton.  Within  the  mine  there  is 
but  little  evidence,  except  near  the  surface,  of  oxidation  of  the  ores. 

A  short  distance  to  the  south  of  the  Greenback  vein  and  running 
almost  parallel  to  it  is  the  Irish  Girl  vein.  On  this  very  little  work 
has  been  done. 

MARTHA    MINE. 

The  Martha  mine  is  in  the  SW.  i  sec.  28,  T.  33  S.,  R.  5  W.,  about 
IJ  miles  north  of  the  Greenback.  It  was  purchased  by  the  Green- 
back Company  in  1904  and  somewhat  extensively  developed.  The 
electric  power  of  the  Greenback  was  extended  to  this  property,  and 
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in  1906  an  aerial  tramway  was  constructed  to  connect  the  two  mines 
and  for  a  few  months  the  ore  of  the  Martha  was  conveyed  by  the 
tramway  to  the  Greenback  plant  and  treated  there.  The  tramway 
is  said  to  have  cost  $20,000.  The  company  also  installed  a  75-horse- 
power  air  compressor.  When  the  Greenback  was  closed  the  company 
also  stopped  all  work  at  the  Martha. 

The  mine  was  prospected  by  four  tunnels  whose  length  aggregates 
nearly  3,000  feet.  At  the  time  the  property  was  examined  (June, 
1907)  it  was  leased  by  J.  M.  Clarke,  of  Golden,  Oreg.,  who  had 
brought  in  five  stamps  and  was  treating  the  ore  which  had  been  mined 
by  the  Greenback  Company  but  which  had  not  been  shipped  to  the 
mill. 

The  country  rock  is  greenstone.  The  ores  resemble  those  of  the 
Greenback,  but  do  not  carry  as  high  values  in  gold.  They  are  found 
in  narrow  veinlets  and  stringers  in  zones  of  shearing  and  brecciation, 
which  have  a  general  trend  between  northwest  and  west  and  which 
range  in  width  from  a  few  inches  to  more  than  4  feet. 

BABY  MINE. 

The  Baby  mine  is  ip  the  northwest  corner  of  sec.  16,  T.  35  S.,  E. 
5  W.,  and  is  owned  by  the  Capital  City  Gold  Mining  Company.  The 
property  was  located  in  1897  and  since  that  time  has  been  exten- 
sively developed  by  the  present  and  the  former  owners.  It  is  now 
leased  by  R.  S.  Moore,  of  Grants  Pass.  During  the  summer  of  1907 
three  stamps  were  in  operation.  Mr.  Adams,  the  manager  of  the 
company,  says  that  the  mine  has  yielded  gold  to  the  value  of  more 
than  $20,000. 

There  is  on  the  property  a  5-stamp  mill,  two  boilers,  a  concentra- 
ting table,  and  a  small  crusher.  The  development  consists  of  more 
than  1,500  feet  of  tunnels,  shafts,  drifts,  upraises,  and  crosscuts. 

The  vein  occurs  in  greenstone  and  averages  about  4  feet  in  width, 
but  in  places  a  fissured  zone  more  than  10  feet  wide  has  within  it 
many  parallel  stringers  of  quartz  which  carries  gold.  The  vein 
ranges  in  direction  from  northwest  to  nearly  west  and  dips  to  the 
northeast,  usually  at  high  angles,  although  it  is  in  some  places  almost 
vertical  and  in  others  almost  flat. 

A  striking  feature  of  the  mine  is  the  prevalence  of  faults.  These 
are  not  only  numerous,  but  they  vary  considerably  in  direction  and 
in  amount  of  displacement.  One  of  the  most  prominent  of  the  fault 
planes  runs  S.  80°  W. 

The  vein  material  consists  of  a  somewhat  sugary-looking  quartz, 
some  calcite,  and  some  pyrite.  The  values  are  carried  chiefly  by  the 
quartz ;  in  many  parts  of  the  vein  free  gold  may  be  seen  with  the  un- 
aided eye.  The  sulphide  varies  in  amount  in  different  parts  of  the 
vein,  and  when  concentrated  yields  about  $75  worth  of  gold  to  the  ton. 
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SILENT   FRIEND    MINE. 

The  Silent  Friend  property  is  in  the  southern  part  of  sec.  15, 
T.  33  S.,  R.  5  W.,  on  the  north  slope  of  Post  Mountain.  It  is  owned 
by  the  original  locators,  John  Scribner  and  George  Henderson,  both 
of  Speaker,  Oreg.  They  discovered  the  vein  in  1900,  worked  it  until 
1902,  then  leased  it  for  eighteen  months  to  Joseph  Dyseit.  From  the 
expiration  of  this  lease  until  August,  1906,  no  development  was  car- 
ried on,  but  from  that  date  to  the  present  the  owners  have  been  work- 
ing the  mine  on  a  small  scale.  Mr.  Scribner  states  that  from  the 
oxidized  material  on  the  surface  overlying  a  network  of  small 
stringers  he  has  taken  gold  to  the  value  of  morB  than  $7,000. 

The  chief  development  has  been  by  two  tunnels.  The  lower  of 
these  is  320  feet  in  length  and  crosscuts  several  small  stringers.  The 
upper  is  75  feet  in  leng(h,  with  an  upraise  to  the  surface. 

The  country  rock  is  greenstone,  which  is  strongly  chloritized  adja- 
cent to  the  veins.  The  chloritization  is,  no  doubt,  due  to  the  action 
of  the  mineral-bearing  solutions.  The  ores  are  found  in  veinlets  and 
stringers  which  run  in  various  directions,  but  the  majority  of  them 
have  a  general  trend  between  southwest  and  west. 

The  filling  consists  of  quartz,  calcite,  pyrite,  arsenopyrite,  and, 
locally,  chalcopyrite.  Some  specimens  of  ore,  which  were  found  to 
consist  largely  of  calcite,  chlorite,  and  arsenopyrite,  showed  consid- 
erable free  gold  visible  to  the  unaided  eye.  These  specimens,  which 
were  taken  from  the  bottom  of  one  of  the  drifts,  appeared  to  repre- 
sent in  the  mine  the  ore  of  an  18-inch  brecciated  zone,  which  could  be 
followed  for  several  feet. 

DAISY  MINE. 

The  Daisy  mine,  which  is  on  the  divide  at  the  head  of  Jack  Creek, 
is  on  one  of  six  claims  constituting  the  Oregon  Mohawk  gold  mines, 
owned  by  G.  R.  Smith,  of  Grants  Pass.  It  was  discovered  in  1890 
and  for  a  time  was  worked  under  the  name  of  the  Hammersly  mine. 
Then  the  stock  was  acquired  by  Morton  Lindley,  of  San  Francisco, 
who  later  disposed  of  it  to  the  present  owner. 

Preparations  were  being  made  during  the  summer  of  1907  to  pump 
the  water  from  the  mine,  which  had  been  idle  for  some  time,  and 
mining  operations  were  to  be  resumed.  Mr.  Smith  stated  that  the 
mine  had  produced  gold  to  the  value  of  more  than  $200,000. 

The  workings  consist  of  an  inclined  shaft  175  feet  in  depth,  from 
which,  at  a  distance  of  115  feet  below  the  surface,  there  is  a  drift 
along  the  vein  for  350  feet  to  the  west  and  50  feet  to  the  east.  All 
the  ore  above  has  been  stoped.  From  the  bottom  of  the  shaft  there 
is  a  drift  running  eastward  on  the  vein  for  140  feet  and  westward 
for  243  feet. 
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The  veinlets  of  gold-bearing  quartz  carrying  pyrite  run  about  east 
and  west  and  are  in  a  chloritized  greenstone.  The  ore-bearing  zone 
has  a  width  of  about  3  feet. 

MOUNT  PITT  MINE. 

The  following  notes  were  obtained  from  J.  S.  Diller,  who  examined 
the  Mount  Pitt  property. 

The  mine  is  situated  in  the  southeast  comer  of  sec.  36,  T.  34  S.,  R. 
5  W.  It  was  located  by  H.  G.  Rice,  of  Grants  Pass,  the  present  super- 
intendent.   The  property  is  owned  by  A.  C.  Hooper,  of  Portland. 

The  present  workings  consist  of  an  entrance  tunnel  of  225  feet  to 
cut  the  vein,  a  drift  of  100  feet  along  the  vein,  and  an  upraise  of  200 
feet  from  the  drift  to  the  surface.  A  mill  has  recently  been  erected 
containing  a  crusher,  an  automatic  feeder,  5  stamps,  and  a  concen- 
trating table. 

The  ore  is  found  in  small,  irregular  veins  in  sheared  greenstone, 
the  sheared  zone  being  usually  about  3  feet  wide.  The  quartz  veins 
are  rarely  well  marked,  the  greatest  width  of  quartz  seen  being  4 
inches  and  this  is  not  persistent  for  more  than  a  yard  or  so.  The 
quartz  veinlets  are  in  general  parallel  to  the  plane  of  shearing,  but 
some  of  thetn  are  small  cross  gash  veins  nearly  horizontal. 

OROFINO  MINE. 

The  Orofino  property,  which  is  located  in  sec.  3,  T.  35  S.,  R.  5  W., 
has  been  closed  for  several  months  and  the  workings  are  beginning 
to  cave.  The  present  owners  are  Messrs.  Monahan  and  Mason,  of 
Seattle.  The  last  work  was  done  by  B.  F.  Chase,  of  Portland,  who 
had  a  lease. 

C.  D.  Crane,  of  Grants  Pass,  stated  that  there  had  been  nearly  2,000 
feet  of  work  done  on  this  property.  Fourteen  carloads  of  ore  have 
been  shipped  to  smelters  at  Tacoma,  Wash.,  and  Ashland,  Oreg.  The 
mine  had  at  one  time  considerable  equipment,  including  a  2-stamp 
mill,  cyanide  tanks,  rock  crushes,  boilers,  and  hoists,  but  much  of 
this  material  has  been  sold  and  shipped  away. 

The  ore  occurs  in  veinlets  and  stringers  in  a  much  fractured,  brec- 
ciated,  und  chloritized  greenstone.  Many  of  the  fragments  of  coun- 
try rock  of  the  breccia  contain  considerable  pyrite.  The  vein  filling 
consists  chiefly  of  quartz  and  calcite,  and,  as  shown  by  the  relations 
of  the  two,  the  calcite  was  deposited  later  than  the  quartz.  Sulphides 
are  also  present  in  some  parts  of  the  vein  in  considerable  amounts, 
but  in  other  parts  the}^  are  almost  entirely  absent.  A  large  amount 
of  ore  is  now  lying  on  the  dump  and  many  sacks  of  ore  are  ready  for 
shipment 
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OTHER  MINES  IN  THE  GREENSTONE  AREAS. 

All  the  mines  thus  far  described  are  associated  with  greenstones 
and  the  descriptions  indicate  that  the  characters  of  the  ores  of  the 
mines  and  their  modes  of  occurrence  are  very  similar.  Many  other 
mines  and  prospects  associated  with  the  greenstones  might  be  de- 
scribed, but  they  would  show  few  new  features.  Some  of  these  are 
now  being  developed;  some  have  been  extensively  prospected  but 
have  never  produced;  others  have,  in  the  past,  produced  small 
amounts  but  are  no  longer  being  worked.  Among  such  mines  and 
prospects  may  be  mentioned  the  Lucky  Queen,  Mill's  prospect.  Star 
mine,  Olympic  prospect.  Spotted  Fawn  prospect,  Blalock  &  Howe 
mine.  Eagle  prospect,  Cramer  prospect.  Gopher  mine,  and  Dick  pros- 
pect, most  of  which  are  indicated  on  the  map  (fig.  8).  To  the  north 
of  the  area  shown  on  the  map  are  the  Gold  Bluff  and  Levens  Ledge 
mines,  both  near  Canyonville. 

CORPORAL  O  MINE. 

Of  the  mines  which  are  not  associated  with  the  greenstones  but 
with  metamorphosed  sediments  the  chief  are  the  Corporal  G  mine 
and  the  Lucky  Bart  group,  which  lie  west  of  the  Left  Fork  of 
Sardine  Creek. 

The  Corporal  G  mine  is  located  in  the  southern  part  of  sec.  19,  T. 
35  S.,  R.  3  W.  It  was  discovered  in  1904  by  J.  R.  McKay,  who, 
after  taking  out  considerable  rich  ore,  sold  it  to  Mrs.  Nina  M.  Smith, 
of  Gold  Hill,  the  present  owner.  The  property  is  now  leased  by 
J.  E.  Kirk. 

The  workings  consist  of  three  tunnels,  one  above  another  on  the 
vein.  The  longest  tunnel  is  92  feet  in  length,  the  shortest  63  feet. 
The  ore  occurs  in  a  small  vein  with  fairly  definite  walls  of  micaceous 
quartzite  and  mica  slate.  The  average  width  of  the  vein  is  about  7 
inches;  it  runs  S.  85°  W.  and  dips  steeply  to  the  north.  The  filling 
consists  chiefly  of  quartz  and  calcite,  but  pyrite,  pyrrhotite,  chal- 
copyrite,  bornite,  sphalerite,  and  galena  are  also  present.  A  few  of 
the  hand  specimens  show  free  gold. 

Close  to  the  Corporal  G  is  the  Volunteer  claim  on  which  a  stringer 
running  parallel  to  the  Corporal  G  was  followed  by  a  drift  for  135 
feet,  when  it  pinched  out.  This  stringer  intersects  a  barren  cross 
vein  running  about  N.  30°  E.;  at  the  intersection  the  values  in  the 
stringer  are  said  to  have  been  enriched. 

LUCKY  BART  GROUP. 

The  Lucky  Bart  group  consists  of  eleven  claims  in  the  NW.  i  sec. 
29  and  the  SE.  i  sec.  30,  T.  35  S.,  R.  3  W.  The  chief  claim,  the  Buck- 
skin or  Lucky  Bart,  was  discovered  by  Joseph  Cox,  who  sold  it  in  1892 
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for  $15,000.  This  amount  he  had  to  share  with  his  partner,  Bart  Sig- 
noretti,  who  had  had  no  part  in  the  discovery,  hence  the  name  Lucky- 
Bart.  The  company  which  bought  the  property  worked  it  for  four 
years  when  one  of  the  shareholders,  J.  H.  Beeman,  of  Gold  Hill,  pur- 
chased the  rights  of  his  associates  and  became  the  owner.  About  the 
same  time  Mr.  Beeman  purchased  adjoining  claims  until  he  had  title 
to  all  the  property  included  in  the  Lucky  Bart  group.  At  present 
mining  operations  are  being  carried  on  at  only  one  of  the  claims,  the 
Yours  Truly.  The  workings  on  the  other  claims,  but  mainly  on  the 
Lucky  Bart,  are  in  such  condition  that  it  is  unsafe  to  enter  them. 
The  only  workings  examined  were  those  of  the  Yours  Truly.  Infor- 
mation with  regard  to  the  other  workings  of  the  group  was  obtained 
from  J.  H.  Beeman  and  J.  E.  Kirk. 

Ore  has  been  mined  from  five  veins  which  run  in  a  general  direction 
a  little  south  of  west.  These  veins  have  an  average  width  of  less 
than  2  feet;  the  country  rock  is  metamorphosed  sediment,  mainly 
mica  slates  and  micaceous  quartzites.  The  general  strike  of  these 
rocks  in  this  vicinity  is  somewhat  east  of  north;  the  dip  is  to  the 
southeast  and  is  usually  at  fairly  high  angles.  The  total  amount 
of  ore  that  has  been  milled  exceeds  14,000  tons,  which  gave  values 
ranging  from  $4.80  to  $100  a  ton  of  free-milling  ore.  The  ore  from 
the  Lucky  Bart  claim  carried  an  average  of  3  per  cent  of  sulphides, 
which  ran  from  4  to  8  ounces  of  gold  to  the  ton  and  a  like  amount  in 
silver.  Nine  tons  of  ore  from  the  deepest  workings  of  this  claim  were 
shipped  to  the  Tacoma  smelter  and  gave  returns  of  $130  to  the  ton. 
Practically  all  the  ores  from  the  group  have  been  treated  at  a  mill  on 
Sardine  Creek ;  the  sulphides  were  shipped  to  the  smelters  at  Tacoma, 
Wash.,  and  Selby,  Cal. 

At  the  Yours  Truly,  where  work  is  now  being  done  by  J.  E.  Kirk, 
who  has  a  lease  on  the  property,  the  workings  consist  of  an  entrance 
tunnel  of  75  feet  to  the  vein,  100  feet  of  drifting  on  the  vein,  and  a 
shaft  of  30  feet.  The  country  rock  is  mica  slate.  The  vein  has  an  ^ 
average  width  of  about  1  foot  and  runs  S.  85°  W.  At  the  end  of  the 
drift  there  are  two  veinlets  of  8  inches  and  4  inches  in  width  and  also 
a  small  seam.  Within  the  workings  there  is  evidence  of  considerable 
faulting;  the  directions  of  the  fault  planes  observed  were  somewhat 
east  of  north.  Mr.  Kirk  states  that  the  veins  carry  more  values  ad- 
jacent to  the  fault  planes  than  elsewhere.  The  ores  of  the  Yours 
Truly  are  highly  oxidized  and  carry  an  average  value  of  more  than 
$30  to  the  ton. 

CONCLUSIONS. 

Of  the  many  veins  and  veinlets  within  the  Riddles  quadrangle  on 
which  work  has  been  done,  comparatively  few  have  developed  into 
profitable  mines.    The  chief  reason  is  to  be  found  in  the  structural 
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features,  of  the  rocks  in  which  the  ores  occur.  The  Paleozoic  and 
early  Mesozoic  sediments,  with  their  associated  igneous  rocks,  were, 
previous  to  the  mineralization  of  the  region,  subjected  to  earth  move- 
ments of  such  a  nature  that  no  definite,  continuoij^  fissures  were 
formed,  but  rather,  in  general,  innumerable  minute  and  irregular 
fractures  running  in  various  directions.  Later,  when  the  mineral- 
bearing  solutions,  which  may  have  been  connected  with  one  or  more 
of  the  igneous  intrusions,  passed  through  these  rocks  and  deposition 
therefrom  took  place,  the  gold  was  not  concentrated  in  definite  lodes 
but  was  widely  distributed  through  the  rocks  in  small  veins,  veinlets, 
and  stringers,  few  of  which  are  continuous  except  for  short  distances. 
Furthermore,  in  those  places  where  fairly  distinct  and  rich  veins 
were  formed,  subsequent  faulting  has  frequently  been  so  prevalent 
that  it  is  difficult  and  costly  to  follow  the  values.  Notwithstanding 
these  unfavorable  conditions,  however,  the  gold-quartz  veins  have 
produced  and  will  probably  continue  to  produce  considerable  amounts 
of  gold.  But  the  hope  of  finding  vein  deposits  which  will  develop 
into  large  and  profitable  mines  is  not  encouraging. 

The  veins  and  veinlets  have  been  subjected  to  erosion  for  many 
thousands  of  years,  during  which  time  an  immense  amount  of  ma- 
terial has  been  freed  of  its  gold.  Much  of  this  gold  has  been  de- 
posited in  the  neighboring  streams,  from  which  it  has  been  and  is  be- 
ing mined  as  placer  gold. 

PliACER  MINES  OF  THE  RIDDIiES  QUADRANGIiE. 

By  J.  S.  DiLLEB. 
INTRODUCTION. 

Placer  mining  is  one  of  the  most  important  industries  of  the  Rid- 
dles quadrangle.  There  are  54  placer  mines ;  10  are  in  the  northern 
half  of  the  quadrangle  in  Douglas  County ;  the  remainder  are  in  the 
southern  half — 18  in  Jackson  County  and  26  in  Josephine  County. 
The  total  output  of  placer  gold  in  the  quadrangle  up  to  date  has 
been  approximately  $725,000.  In  1906,  according  to  the  returns  of 
Mr.  Yale,  of  the  Geological  Survey,  the  output  was  $69,395,  a  con- 
siderable increase  over  that  of  the«previous  year. 

The  placer  mines  are  all  in  gravel  closely  associated  with  the 
present  streams.  By  far  the  greater  portion  of  the  mines  are  in  the 
present  stream  beds  or  low  terraces.  Only  a  few  are  in  gravel  of 
the  higher  terraces,  which  rise  from  100  to  400  feet  above  the  stream. 

No  definite  trace  of  ancient  high-level  gravels  such  as  occur  in  the 
gold  belt  of  the  Sierra  Nevada  of  California  has  yet  been  found  in 
the  Riddles  quadrangle. 
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The  gravels  vary  much  in  the  form  of  the  pebbles.  On  the  higher 
terraces  and  the  steeper  grades  of  the  larger  streams  they  are  gen- 
eraUy  well  rounded,  though  some  may  be  subangular,  bat  in  the 
gentler  grades  and  especially  also  on  the  smaller  lateral  branches 
the  gravel  is  subangular  to  angular.  The  contrast  may  be  seen  in 
comparing  the  well-rounded  gravel  of  the  Steam  Beer  mine  on 
Grave  Creek  near  Leland  with  the  subangular  gravel  of  the  Colum- 
bia on  Tom  East  Creek,  near  Placer. 

The  grades  of  the  present  streams  range  from  10  to  333  feet  per 
mile,  as  made  out  approximately  from  the  contour  map.  The  major 
part  of  the  placer  mines  are  on  grades  not  over  100  feet  per  mile.  A 
smaller  number  are  on  grades  between  100  and  200  feet  per  mile,  and 
a  few  have  grades  greater  than  200  feet  per  mile. 

The  highest  terrace  records  are  few,  but  if  they  may  be  depended 
on  they  seem  to  indicate  that  the  grade  of  the  streams  when  the 
gravels  of  the  highest  terrace  .were  formed  was  probably  lower  than 
that  of  the  present  streams ;  moreover,  the  gravel  of  the  highest  ter- 
races is  on  the  whole  not  so  coarse  as  that  of  the  lower  terraces  and 
the  present  stream. 

RIDDLES  DISTRICT. 

The  placers  of  the  northern  part  of  the  quadrangle  are  widely 
scattered,  generally  small,  and  for  the  most  part  unimportant.  They 
lie  on  Rattlesnake,  iliddle.  Catching,  Mitchell,  Jordan,  Canyon  and 
Shively  creeks.  The  Asli  mine,  which  covers  about  3^  acres  near 
Mitchell  Creek,  is  peculiar  in  that  the  material  washed  is  chiefly  slope 
waste  of  slates  and  sandstones.  On  Shively  Creek  extensive  prepa- 
rations were  in  progress  in  1906  for  mining  at  tl\e  forks,  but  later 
returns  have  not  been  received. 

COW  CREEK  DISTRICT. 

Starvout  Creek  is  a  tributary  of  Cow  Creek  that  drains  the  north- 
ern slope  of  Green  Mountain.  Three  of  the  mines  on  this  creek,  the 
Harrah,  Booth,  and  Curtis  Brothers,  have  lately  been  in  operation, 
but  the  ilizer  and  O'Shea  only  keep  up  assessment  work.  A  large 
tract  has  been  covered  by  these  placers  near  the  present  stream  level, 
and  they  are  reported  to  have  been  fabulously  rich  in  the  early  days. 
The  bed  rock  is  slate  except  in  the  Curtis  Brothers  mine,  which  is 
near  the  contact  of  the  slates,  greenstone,  and  serpentine. 

Just  beyond  the  western  limit  of  the  Riddles  quadrangle,  in  Cow 
Creek  canyon,  are  the  Victory  and  Gold  Flat  placers,  or  terraces, 
about  150  feet  above  the  stream.  A  dozen  miles  farther  down  are 
the  Cain  and  the  Cracker  Jack,  on  terraces  over  500  feet  above  the 
creek.  All  these  are  important  placers  formed  under  conditions  in 
strong  contrast,  with  the  gentle  grade  of  Cow  Creek  above  Glendale. 
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WOLF  CREEK  DISTltlCT. 

The  Wolf  Creek  district  includes  not  only  the  three  placers  more  or 
less  active  on  the  main  stream  above  the  railroad  station  but  also  the 
four  on  Coyote  Creek,  which  joins  Wolf  Creek  at  the  post-office. 

In  Payne's  mine,  near  Foley  Gulch,  a  rusty  rotten  gravel  is  well 
exposed.  The  greenstone  pebbles  are  completely  rotten;  those  of 
slate  are  not  so  thoroughly  decomposed.  This  gravel  has  the  aspect 
of  great  age,  but  this  illusion  is  dispelled  by  the  freshness  of  the  dark- 
gray  gravel  upon  which  it  rests.  The  mine  stretches  up  from  the 
creek  level  to  the  terrace  nearly  100  feet  above.  Coyote  Creek  has 
but  little  fall  and  the  Ruble  elevator  has  been  used  to  advantage. 

Near  the  mouth  of  Bear  Gulch  the  bed  of  Coyote  Creek  has  been 
mined  for  nearly  half  a  mile.  Its  richness  is  due  to  the  fact  that 
Bear  Gulch  drains  the  slope  from  the  Martha  mine  and  the  west  end 
of  the  Greenback. 

GRAVE  CREEK  DISTRICT. 

Grave  Creek  is  not  only  the  most  important  placer  stream  in  the 
Kiddles  quadrangle,  but  considering  its  size  it  is  one  of  the  most 
important  in  the  State.  Almost  a  score  of  placers,  old  and  new,  occur 
along  the  part  of  its  course  lying  in  this  quadrangle,  and  half  of  them 
are  still  active  during  the  good  water  season. 

In  the  vicinity  of  Leland  the  lower  Lewis  and  the  Goff  mines  have 
not  been  worked  lately.  The  water  of  their  main  ditch  is  now  used 
in  the  Columbia.  A  small  test  of  one- fourth  acre  in  20  feet  of  gravel 
was  made  last  winter  on  the  Klum  property.  The  Steam  Beer,  owned 
by  H.  K.  Miller,  has  continued  in  full  operation  for  a  number  of 
years  and  there  is  more  ground  ahead.  The  ditch  is  about  9  miles  in 
length  and  supplies  a  head  of  200  feet.  The  gravel  terrace  is  50  feet 
above  Grave  Creek,  which  affords  excellent  dumping  ground.  The 
mine  exposes  25  feet  of  gravel,  generally  coarse  below,  and  made  up 
largely  of  pebbles  of  greenstone  with  scarcely  any  quartz.  The  bed 
rock  is  slate. 

On  Brimstone  Creek  the  gravel  mined  some  years  ago  includes 
much  quartz  that  appears  to  come  from  residual  material  on  a  terrace 
300  feet  above  the  creek. 

The  Columbia  mine,  near  Placer  post-office,  is  owned  by  L.  A. 
Lewis,  of  Portland.  It  is  the  largest  placer  mine  of  the  region  and 
is  supplied  with  water  by  two  ditches  from  Grave  Creek,  one  giving 
a  head  of  100  feet  and  the  other  of  600  feet.  The  mine  occupies  the 
valley  of  Tom  East  Creek,  which  drains  the  vicinity  of  the  celebrated 
Greenback  mine  and  is  advancing  in  that  direction.  The  gravel 
ranges  from  4  to  30  feet  in  depth  and  is  coarsest  below,  with  bowlders 
a  few  of  which  reach  3  feet  in  diameter.  The  fragments  are  in  gen- 
eral subangular  and  almost  wholly  greenstone.     A  few  are  rotten, 
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but  most  are  solid.  The  gold  is  fine,  and  nuggets  are  rare.  With 
three  5-inch  giants  nearly  6  acres  are  mined  over  annually.  The 
grade  is  low  and  to  keep  the  sluice  clear  the  tailings  are  washed  aside 
from  the  end  of  the  sluice  by  a  powerful  side  stream  which  piles  up 
the  gravel  in  a  prominent  heap. 

Near  the  headwaters  of  Grave  Creek  there  are  a  number  of  active 
placers.  Most  of  them  are  on  the  present  stream  bed,  which  has  been 
washed  for  miles,  but  a  few  are  on  terraces  up  to  150  feet  above  the 
level  of  the  creek. 

JUMPOFF  JOE  DISTRICT. 

The  lower  portion  of  Jumpoff  Joe  Creek  traverses  an  area  of 
granodiorite  and  has  no  placers,  but  above  the  forks  placers  occur 
among  the  greenstone  hills  on  both  Jack  Creek  and  the  main  branch. 
The  principal  mine  is  the  Swastika,  under  the  management  of  A.  B. 
Call.  It  occupies  a  low  terrace  in  the  forks  at  the  mouth  of  Jack 
Creek.  The  Swastika  property  is  said  to  include  a  large  part  of 
Jack  Creek,  and  prospects  have  been  made  nearly  2  miles  above  its 
mouth  toward  the  Daisy  quartz  mine.  The  Swastika  has  been  oper- 
ated by  the  present  company  for  about  a  year.  Two  18-inch  pipes 
were  used,  one  with  a  head  of  150  feet  and  the  other  about  75  feet. 
The  sluice  dump  was  disposed  of  by  a  strong  side  stream. 

The  gravel  is  from  15  to  30  feet  deep  and  is  composed  of  greenstone 
pebbles.  It  is  coarsest  below,  with  bowlders  up  to  2  feet  in  diameter. 
In  many  places  the  whole  mass  is  rotten,  so  that  many  of  the  bowlders 
go  to  pieces  under  the  stream  from  the  giant.  The  bed  rock  of  the 
Swastika  mine  and  throughout  the  slopes  of  Jack  Creek  is  greenstone. 

On  the  main  fork  of  Jumpoff  Joe  Creek  there  are  a  number  of 
small  placers  near  its  head  and  a  larger  one  5  miles  below,  where  Cook 
&  Rowland  have  stripped  the  shallow  bed  of  the  stream,  exposing 
the  slates  for  half  a  mile  to  a  width  of  100  to  200  feet.  The  slope 
being  gentle,  an  elevator  was  used. 

EVANS  CREEK  DISTRICT. 

Pleasant  Creek,  a  branch  of  Evans  Creek,  heads  against  Grave 
Creek  and  has  several  active  placers.  For  over  3  miles  the  bed  of 
Pleasant  Creek  was  almost  completely  mined  out  years  ago,  and  later 
efforts  have  been  directed  to  the  benches  rising  up  to  100  feet.  The 
largest  amount  of  work  has  been  done  at  Harris  Gulch,  where  an  area  , 
of  rotten  gravel  about  8  acres  in  extent  has  lately  been  removed.  A 
smaller  cut  has  been  made  in  a  well-marked  terrace  at  Jamison  Gulch, 
and  farther  up,  between  the  forks,  Thompson  Brothers  have  washed 
off  the  residual  material  of  a  serpentine  point  200  feet  above  the 
streams. 
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All  the  placers  on  Pleasant  Creek  except  the  one  last  mentioned  are 
on  granodiorite  but  near  the  contact  with  both  slate  and  greenstone, 
which  may  be  the  source  of  the  gold. 

SOURCE  OF  THE  PLACER  GOLD. 

The  source  of  the  placer  gold  is  in  the  auriferous  quartz  veins, 
which  are  most  abundant  in  the  greenstones,  though  they  occur  in 
the  slates  also.  The  larger  veins  at  many  places  are  worked  in  quartz 
mines,  but  all  the  veins,  both  large  and  small,  have  contributed  gold 
to  the  placer  gravels.  The  greater  number  of  placers  are  on  slate 
bed  rock.  This  does  not  necessarily  indicate  that  the  slates  have  been 
the  chief  source  of  the  gold  in  the  placers,  but  that  in  the  process  of 
stream  erosion  the  slates  are  more  readily  terraced  so  as  to  preserve 
the  gravels  for  mining. 

PRODUCTION  OF  THE  PLACER  MINES. 

Where  data  have  been  available  for  estimates  the  yield  of  the 
placers  per  cubic  yard  of  gravel  has  ranged  from  10  to  25  cents. 
Much  of  the  gravel  must  have  averaged  50  cents  and  in  exceptional 
cases  run  as  high  as  $1.50.  To  state  it  in  another  form,  a  number 
of  the  mines  appear  to  have  yielded  from  $4,000  to  $6,000  per  acre. 

As  already  stated,  the  total  production  of  the  placers  in  the  Riddles 
quadrangle  has  been  approximately  $725,000,  of  which  considerably 
more  than  half  has  come  from  Grave  Creek.  A  still  larger  propor- 
tion, of  the  present  annual  output  is  from  Grave  Creek,  for  it  has 
not  only  the  greatest  number  of  mines  but  includes  the  two  largest 
producers.    The  approximate  production  by  districts  is  as  follows : 

Total  production  of  placer  gold  in  Riddles  quadrangle  to  1901,  ty  districts. 

Riddles  and  Cow  Creek  districts $100, 000 

Wolf  Creek  district 75,000 

Grave  Creek  district 400,000 

Jumpoff  Joe  district 50,000 

Evans  Creek  district 100,000 

These  estimates  are  more  likely  to  be  below  than  above  the  truth, 
for  little  is  really  known  of  the  yield  of  the  early  placers. 
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NOTES   ON   COPPER   PROSPECTS    OF   THE    RIDDIiES 
QUADRANGIiE. 

By  G.  F.  Kay. 

Copper  minerals  have  been  found  at  several  places  within  the 
Riddles  quadrangle,  but  as  yet  no  paying  mine  of  copper  has  been 
developed.  During  the  summer  of  1907  work  was  being  done  pn  two 
prospects  which  are  of  sufficient  interest  to  merit  a  brief  description. 

The  Joseph  Ball  mine  is  situated  in  the  NW.  J  sec.  36,  T.  32  S., 
R.  4  W.,  which  is  on  the  southwest  slope  of  Cedar  Springs  Mountain. 
The  elevation  at  the  mine  is  about  4,250  feet.  Some  ore  has  been 
carried  by  pack  train  to  Glendale,  on  the  Southern  Pacific  Railroad, 
a  distance  of  more  than  20  miles.  The  country  rock  is  serpentine, 
which  has  been  greatly  fractured  and  sheared,  and  locally,  where  it 
has  been  decomposed,  magnesite  with  some  strontianite  is  present. 
The  ores  consist  of  native  copper,  copper  glance,  cuprite,  and  the 
copper  carbonates.  They  are  in  a  faulted  zone  in  the  serpentine, 
which  shows  numerous  slickensided  surfaces  on  which  are  vertical 
striae.  Within  the  workings  the  faulted  zone  varies  in  direction  and 
the  plane  of  shearing  is  very  irregular.  On  this  plane  have  been 
found  flat  pieces  of  native  copper  as  large  as  the  hand;  the  copper 
glance  and  cuprite  have  also  been  found  on  this  plane  as  nodular 
masses  and  as  scattered  fragments.  The  wprkings  consist  of  an 
upper  tunnel  of  150  feet  along  the  fault  zone  and  a  lower  tunnel  of 
145  feet  from  which  there  is  an  upraise  of  GO  feet  to  the  upper 
tunnel.  At  the  time  the  mine  was  examined  the  company  was  pre- 
paring to  sink,  from  the  lower  tunnel,  a  shaft  on  the  fault  plane. 

The  Oak  mine,  in  the  SW.  i  sec.  4,  T.  35  S.,  R.  5  W.,  was  located 
in  1905.  It  is  owned  by  the  Oak  Consolidated  Mining  and  Milling 
Company.  Copper  was  found  on  this  property  while  a  gold-quartz 
vein  was  being  developed.  A  tunnel  was  being  run  to  crosscut  some 
quartz  stringers  in  a  fractured  zone,  when  copper  pyrites  was  found. 
The  mineral  occurs  as  small  irregular  masses  in  a  fractured  and 
chloritized  greenstone.  During  the  summer  of  1907  the  company 
was  installing  an  air  compressor,  hoists,  and  machine  drills  and 
plans  were  being  made  to  prospect  the  property  thoroughly. 

Some  prospects  of  copper  occur  in  greenstone  near  Glendale  and 
A.  D.  Leroy,  of  Merlin,  has  done  some  work  on  a  quartz  vein  carry- 
ing copper  in  the  N.  ^  sec.  8,  T.  35  S.,  R.  6  W. 
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NOTES  ON  COPPER  DEPOSITS  IN  CHAFFEE,  FREMONT, 
AND  JEFFERSON  COUNTIES,  COLO. 


By  Waldemar  Lindgren. 


INTRODUCTION. 

Colorado  is  not  an  important  copper-producing  State.  The  annual 
production  rarely  reaches  10,000,000  pounds,  and  was  only  7,427,253 
pounds  in  1906.  Eighteen  counties  contributed  to  this  output,  but 
only  two — Lake  (Leadville  district)  and  San  Juan — ^yielded  notable 
amounts.  The  Leadville  output  was  somewhat  over  2,000,000  pounds, 
which  was  really  obtained  as  a  by-product;  that  from  San  Juan 
CJounty  slightly  exceeded  1,500,000  pounds.  The  copper  ores,  prop- 
erly so  called,  of  Colorado  comprised  only  31,431  short  tons,  of  which 
one-half  came  from  San  Juan  County.  It  may  be  said  that  Colorado 
does  not  contain  a  single  copper  mine  of  prominence. 

Of  the  counties  mentioned  in  the  title  Chaffee  produced  349,466 
pounds  of  copper  from  6,249  tons  of  copper  ores  in  1906 ;  the  yield 
of  Fremont  and  Jefferson  counties  is  negligible.  Although  the  cop- 
per deposits  in  these  counties  are  not  of  great  commercial  importance, 
they  are  in  some  respects  unusual,  and  from  the  standpoint  of  genetic 
problems  merit  some  discussion.  Nearly  all  the  gold-  and  silver-bear- 
ing deposits  of  Colorado,  and  the  copper  deposits  as  well,  occur  in 
close  connection  with  igneous  rocks  of  Tertiary  age.  They  have 
clearly  been  formed  during  late  geological  epochs — chiefly  during  the 
early  or  late  Tertiary — and  their  deposition  closely  followed  the 
eruption  of  the  igneous  rock  with  which  they  are  associated. 

There  is  evidence,  however,  of  a  far  older  epoch  of  ore  deposition, 
antedating,  in  fact,  the  whole  of  Paleozoic  and  Mesozoic  time,  and 
best  designated  as  pre-Cambrian.    The  existence  of  such  deposits  has 
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been  shown  in  South  Dakota,**  Wyoming,*  New  Mexico,*'  and  Ari- 
zona,**  and  it  is  the  purpose  of  this  paper  to  describe  six  or  seven  such 
occurrences  in  Chaffee,  Fremont,  and  Jefferson  counties,  Colo. 

Copper  deposits  of  still  another  class  occur  as  disseminations  in 
certain  sedimentary  beds  in  New  Mexico,  Texas,  and  Arizona;  also 
in  western  Colorado.  These  deposits  are  generally  of  low  grade,  but 
the  question  of  their  origin  has  given  rise  to  much  discussion,  which 
has  lately  been  summarized  by  S.  F.  Emmons.*  An  occurrence  of 
this  kind  in  Fremont  County  will  be  described,  for  the  reason  that  it 
seems  to  throw  light  on  the  genesis  of  these  concentrations  of  copper. 

PRE-CAMBRIAN   COPPER  DEPOSITS  1:N^  CHAFFEE  ANJ> 
FREMOXT  COUNTIES. 

TOPOGRAPHY. 

The  larger  part  of  Fremont  County  is  occupied  by  the  Front  B,ange 
and  the  irregular  plateau  to  the  west  of  it.  The  southwestern  part 
of  the  county  contains  the  north  end  of  the  Sangre  de  Cristo  Range. 
Through  the  central  part  of  it  flows  Arkansas  River  in  a  deep  and 
picturesque  canyon. 

The  western  part  of  Chaffee  County,  adjoining  Fremont  County 
on  the  northwest,  is  occupied  by  the  high  snowy  peaks  of  the  Sawatch 
Range,  and  the  eastern  part  contains  a  complex  of  moderately  ele- 
vated ridges,  which  forms  part  of  the  general  plateau  south  of  South 
Park.  Arkansas  River  traverses  the  county  from  north  to  south  in 
a  series  of  open  valleys,  of  which  that  surrounding  Salida  is  the  most 
attractive.  A  short  distance  south  of  Salida  the  river  enters  the  can- 
yon, from  which  it  emerges  just  above  Canon  City.  In  the  western 
part  of  Chaffee  County  are  the  La  Plata,  Cottonwood,  Alpine,  Chalk 
Creek,  Monarch,  and  Garfield  mining  districts,  of  whose  geological 
features  but  little  is  known.  In  the  southeastern  part  of  the  county 
near  Salida  are  the  mining  camps  Turret,  Sedalia,  and  Cleora.  (See 
fig>  9.) 

"  Irving,  J.  D.,  and  Emmons,  S.  F.,  Economic  resources  of  the  northern  Black  Hills : 
Prof.  Paper  U.  S.  Geol.  Survey  No.  26,  1904. 

*  Spencer,  A.  C,  The  copper  deposits  of  the  Encampment  district,  Wyoming :  Prof.  Paper 
U.  S.  Geol.  Survey  No.  25,  1904. 

"  Lindgren,  W.,  and  Graton,  L.  C,  A  reconnaissance  of  the  mineral  deposits  of  New 
Mexico  :  Bull?  U.  S.  Geol.  Survey  No.  285,   1906,  p.  81. 

*  Reid,  J.  A.,  A  sketch  of  the  geology  and  ore  deposits  of  the  Cherry  Creek  district, 
Arizona  :  Economic  Geology,  vol.  1,  No.  5,  1906,  p.  417.  Graton,  L.  C,  Mineral  Resources 
U.  S.  for  1906,  U.  S.  Geol.  Survey,  1907,  p.  389. 

*  Copper  in  the  red  beds  of  the  Colorado  Plateau  region  :  Bull.  U.  S.  Geol.  Survey  No. 
260,    1904,  pp.   221-232. 
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30  miles 


Fio.  9. — Map  of  central  part  of  Colorado,  showing  location  of  copper  deposits  in  Chaffee, 
Fremont,  and  Jefferson  counties. 
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GEOLOGY. 

Fremont  Coanty  (xmtams  large  areas  of  pre-Camt»ian  rocks,  and 
their  granites,  gneisses,  schists,  and  pegmatites  are  well  exposed  mloi^ 
the  cany<Hi  of  the  Arkansas,  In  the  western  part  of  the  coantr  a  bell 
of  limest<Hies  and  red  beds  crosses  the  canyon,  and  this  bdt  occupies 
some  areas  north  of  the  river  in  Oiaffee  and  Fremcmt  coimtiesL  Tlie 
age  of  the  lower  beds  is  not  well  established,  and  the  areas  are  oirt> 
lined  with  imperfect  accorau^  on  the  Hayden  map  of  CoioradoL  A 
bed  of  qoartzite  lies  at  the  base,  being  sneoeeded  by  a  thid^  series  of 
limestones,  which  in  turn  are  coTered  by  red  beds  of  Carbooiferoos  or 
Triassic  age.  It  is  doubtful  whether  any  Cambrian  beds  are  jNnesent 
in  this  yidnity,  but  as  they  appear  elsewhere  in  conformable  derdi^ 
ment  underneath  the  upper  Paleozoic,  the  rocks  underneath  die  great 
unccmformity  may  with  oMifidence  be  referred  to  as  pre-CamlMian. 

Near  Cotopaxi  gneissoid  granites  predominate,  and  these  rocks  widi 
micaceous  schists  and  intruded  pegmatites  make  up  the  bulk  of  the 
pre-Camt»rian  area.  At  Salida.  howeTer,  a  series  of  greaistone  schists 
have  been  described  by  Whitman  Cro^.«  who  states  that  they 
eztmd  with  g^ieral  east- west  strike  frcMn  a  point  a  few  miles  bdow 
Salida  to  a  point  about  5  miles  north  of  that  place.  The  rodcs  are 
determined  as  amphibolitic  schists  ranging  into  coarse-grained  alto^ 
dioritic  rocks  (metadiorites)  in  the  lower  part  of  the  series  near 
Salida.  Locally  they  are  developed  as  chloritic.  micaceous,  and 
staurolitic  schists,  many  of  which  contain  garnets.  They  are  cut  by 
dikes  of  pegmatite  and  grranite. 

The  pre-Cambrian  complex  is  well  exposed  along  the  road  from 
Salida  to  the  small  mining  camp  of  Turret.  14  miles  to  the  northeast. 
For  S  miles  this  road  ascends  in  a  steep  guldi  along  which  for  the 
entire  distance  massive,  very  coarse  graine^i  dioritic  rocks  are  ex- 
posed, in  some  places  slightly  sheared,  and  everywhere  much  jointed. 
Locally  these  rocks  are  epidotized.  and  traces  of  copper  are  seen  in 
place:5L  Under  the  microscope  the  structure  is  decidedly  ophitic.  and 
the  rocks  were  doubtless  originally  diabases  or  gabbros,  although  the 
augite  is  now  wholly  converted  into  pale-green  hornblende  with  smaU 
specks  of  pyrite  and  chalcopvrite.  At  an  elevaticm  of  8.500  feet,  or 
1.500  feet  above  Salida  at  the  first  divide,  a  block  of  nearly  horizontal 
limestones  covers  these  rocks  for  about  H  miles:  at  the  northern  edge 
of  this  block  the  limestones  are  underlain  by  very  coarse,  white 
gneissoid  granite  with  coarse  mica,  cut  by  pegmatite  dikes  with  feld- 
spar crystals  a  foot  long.  Turret,  a  couple  of  miles  farther  north, 
lies  in  a  shallow  gulch  cut  in  white  granite,  containing  chiefly  quartz, 
microcline.  biotite.  and  a  little  albite.     From  Turret  another  road 
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descends  to  the  Arkansas  through  Browns  Canyon  in  reddish  gneis- 
soid  granite,  forming  conspicuous  turret-like  outcrops.  At  the  river 
the  schists  become  very  micaceous  and  are  injected  by  pegmatite 
dikes. 

Cross  believed  that  the  schists  were  derived  from  a  metadiorite, 
probably  a  surface  flow.  It  seems  more  likely  that  we  have  here  a 
large  pre-Cambrian  mass  of  gabbro  or  diabase,  which  is  intrusive  in 
sedimentary  metamorphic  rocks,  and  which  in  part  has  been  madQ 
schistose  by  pressure. 

ORE  DEPOSITS. 
INTRODUCTION. 

The  deposits  in  this  vicinity  contain  chiefly  copper,  and  the  fol- 
lowing are  described  or  mentioned  below:  The  Sedalia  mine,  the 
Independence  and  Copper  King  mines,  and  the  prospects  at  Cleora 
and  Cotopaxi.  The  Independence  and  Copper  King  mines  are 
located  near  Turret,  and  there  are  at  that  camp  two  other  mines,  the 
Gold  Bug  and  the  Vivandiere,  which,  however,  are  on  gold-bearing 
fissure  veins  of  an  entirely  different  type  from  those  which  form  the 
main  subject  of  this  description.  The  Gold  Bug  mine  is  on  a  quartz- 
filled  fissure  following  a  dike  of  fine-grained  porphyry.  The  strike 
is  east  and  west,  and  the  greatest  depth  attained  is  500  feet.  The 
richest  ore  is  said  to  carry  about  2  ounces  of  gold  and  6  ounces  of 
silver  per  ton,  besides  9  per  cent  of  copper.  The  Vivandiere  is  prob- 
ably located  on  the  same  vein  a  short  distance  to  the  east,  and  is 
developed  by  a  shaft  600  feet  in  depth.  Both  properties  are  inter- 
mittent producers.  Beyond  doubt  they  are  much  more  recent  than 
the  copper  deposits  described  below.  It  is  said  that  similar  aurif- 
erous veins  are  found  at  Whitehom,  10  miles  farther  east  in  Fre- 
mont County. 

SEDALIA    MINE. 

Location^  history^  and  production, — The  Sedalia  mine  is  situated 
in  the  first  foothills  rising  on  the  east  side  of  Salida  Valley,  2  miles 
east  of  Arkansas  River  and  4  miles  north  of  Salida.  It  is  said 
to  have  been  discovered  about  twenty-four  years  ago  and  has  been 
worked  intermittently  since  that  time.  At  present  it  is  owned  by 
the  Shawmut  Consolidated  Copper  Company.  It  was  an  active  pro- 
ducer in  1907 ;  the  ore  was  shipped  to  various  smelters,  but  lately  it 
has  been  taken  chiefly  by  the  Canon  City  zinc-lead  paint  plant  of 
the  United  States  Smelting  Company,  which  utilizes  the  zinc  for 
paint  and  smelts  the  residues  for  copper  matte.  No  exact  data  of 
production  are  available,  but  the  Shawmut  Company  states  that 
probably  in  all  from  60,000  to  75,000  tons  of  ore  have  been  shipped, 
containing  from  5  per  cent  upward  of  copper  and  from  $1  to  $2.50 
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in  gold  and  silver  per  ton.  It  is  really  one  of  the  few  important 
copper  mines  of  Colorado.  During  the  last  two  years  the  mine  has 
shipped  about  400  tons  per  month. 

Developments, — ^The  deposit  is  developed  by  three  tunnels.  The 
lowest,  No.  3,  is  100  feet  higher  than  the  first  outcrops  of  schists  above 
the  sandy  valley  lK)ttoni  and  at  an  elevation  of  approximately  7,475 
feet,  or  475  feet  above  Salida.  No.  2  tunnel  is  on  the  steep  slope,  321 
feet  above  No.  3,  and  the  uppermost  tunnel,  No.  1,  is  100  feet  above 
No.  2.  There  are  two  levels  60  and  100  feet  below  No.  2.  No.  3  tunnel 
runs  in  a  direction  a  little  north  of  east  for  about  1,300  feet.  The  total 
developments  probably  aggregate  5,000  feet. 

A  leaching  plant  was  buUt  on  the  sandy  valley  bottom  1  mile 
west  of  the  mine,  but  as  it  was  not  successful  it  is  now  being  turned 
into  a  concentrating  plant  for  the  primary  sulphide  ores  recently 
found.  The  surface  ores  contain  both  sulphides  and  carbonates, 
and  for  this  reason  direct  leaching  is  not  applicable  to  them.  An 
incline  carries  the  ore  from  No.  2  to  the  level  of  the  valley,  whence 
it  is  transported  on  a  tramway  to  the  railroad  spur  at  the  concen- 
trator. 

Geology. — Seen  from  a  distance  the  rocky,  reddish-gray  slope  with 
scattered  junipers  seems  to  rise  abruptly  from  the  valley.  The  pre- 
vailing rocks  are  schists.  Both  north  and  south  of  the  mine  heavy 
dikes  of  light-colored  pegmatite  cut  conspicuously  through  the  schists, 
which  strike  almost  due  east  and  west  and  dip  from  50°  to  70°  S. 
Cross,  in  the  paper  already  cited,  states  that  the  succession  consists  of 
"  fine  mica  schists,  locally  staurolitic,  actinolite  and  chlorite  schists, 
with  garnet  developed  in  various  forms."  The  best  exposures  are 
found  in  the  long  No.  3  tunnel,  which  penetrates  below  the  level  of 
oxidation.  For  the  first  1,000  feet  the  tunnel  penetrates  a  hard  dark- 
gray  and  blocky  gneissoid  rock  in  which  the  schistosity  is  obscured 
by  joints  striking  north  and  south  or  N.  05°  W.,  and  dipping  respec- 
tively 80°  W.  and  40°  NK.  This  hard  gneiss,  which  contains  softer 
bars  of  schist  richer  in  biotite,  continues  up  to  a  place  where  the  plane 
of  the  ore  deposit  intersects  the  tunnel.  No  ore  is  visible  here,  but 
the  rock  is  softer,  with  some  slips  and  copper  stains.  Beyond  this 
point  the  rock  is  a  mica  schist  with  smooth  planes  of  schistosity  dip- 
ping 52°  S.  In  this  rock  the  crosscut  continues  for  300  feet,  and  the 
schist  is  intersected  by  many  small  dikes  of  white  pegmatite,  probably 
apophyses  of  the  larger  dike  shown  in  the  upper  workings. 

The  gneiss  in  the  first  part  of  the  tunnel  is  dark  gray  and  im- 
perfectly schistose,  and  consists  chiefly  of  a  fine-grained  mixture 
of  quartz  and  brownish-green  biotite,  fibrous  crystals  of  sillimanite, 
abundant  small  grains  of  corundum,  and  pale-red  garnets  up  to  1 
centimeter  or  more  in  diameter.  The  garnets  and  the  sillimanite 
give  a  pseudoporphyritic  appeaTawc^  lo  ll\e  rock;  the  quartz  appears 
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in  allotriomorphic  grains  and  the  general  structure  is  that  intimate 
intergrowth  characteristic  of  many  crystalline  schists  which  Gru- 
benmann  designates  as  diablastic. 

The  steep  hillside  between  tunnels  No.  3  and  No.  2  shows  the 
weathered  forms  of  the  gray  gneissoid  schist,  in  places  containing 
streaks  of  chloritic  schists  with  very  large  crystals  of  garnet,  some 
of  them  several  inches  in  diameter.  These  garnets  appear  near  the 
contact  of  the  big  pegmatite  dike,  but  as  they  are  also  noted  else- 
where in  the  series  it  is  dpubtful  whether  they  are  the  effects  of 
contact  metamorphism.  Above  the  dike,  up  to  the  croppings  of  the 
ore  deposit,  the  rocks  are  mixed  and  consist  of  amphibolite  rocks, 
chloritic  schists,  dark  quartz  schists,  and  garnet  schists.  In  the  foot 
wall  of  the  croppings  appears  fissile  mica  schist  similar  to  that  noted 
from  the  lowest  tunnel  level.  Toward  the  east  the  mica  schist  occurs 
on  both  sides  of  the  deposit.  On  the  highest  spur  and  200  feet  south 
of  the  ore  body  is  a  fine-grained  aplitic  dike  rock,  which  contains 
bunches  of  amphibolitic  rocks. 

The  principal  pegmatite  dike  is  50  feet  wide  and  outcrops  in  the 
vicinity  of  tunnel  No.  2.  As  shown  by  the  workings,  it  dips  70°  N., 
consequently  in  an  opposite  direction  to  the  schists.  Only  small 
stringers  of  pegmatite  are  noted  in  the  lowest  tunnel.  The  rock  is 
coarse  grained;  the  specimens  examined  consist  of  white  microcline, 
quartz,  and  greenish-white  muscovite,  the  foils  of  which  reach  1  inch 
or  more  in  diameter. 

The  ore  deposit. — Cross,  in  the  paper  cited,  referred  briefly,  but 
correctly,  to  the  copper  deposit  of  the  Sedalia  mine  as  "  a  thick  bed  of 
actinolite  schist  richly  impregnated  with  copper  minerals."  The  ore 
body  lies  conformable  with  the  schists  and  is  practically  a  flat  lens, 
800  feet  long  and  at  most  150  feet  thick,  of  amphibolitic  i*ocks  of 
varying  types.  The  outcrops  of  the  ore  body  can  be  followed  for  many 
hundred  feet  east  and  west  on  a  ridge  600  feet  above  the  valley,  and 
show  chiefly  as  soft  whitish  rocks  locally  stained  by  copper  or  lead. 
These  rocks,  to  a  considerable  extent,  are  made  up  of  talc,  asbestos, 
and  partly  weathered  amphibolite.  On  the  first  level  the  ores  have 
been  followed  for  about  400  feet.  On  the  second  level  the  deposit 
extends  for  over  800  feet.  There  are  two  smaller  levels  60  and  100 
feet  below  level  2.  Below  that  level,  however,  the  50-foot  pegmatite 
dike  mentioned  above  as  dipping  in  a'  direction  opposite  to  that  of 
the  deposit  and  the  schists  cuts  off  the  ore  body.  In  one  place  toward 
the  east  of  the  body  the  workings  are  said  to  have  crossed  the  dike, 
but  only  low-grade  and  very  hard  ore  was  found  beyond  it.  Thus 
practically  all  of  the  ore  shipped  has  been  taken  from  that  part  of  the 
deposit  which  lies  above  the  pegmatite  dike,  and  tunnel  No.  2  shows 
the  character  of  these  ores  very  well.  They  are  all  at  l^*a.%\,  ^^^^ 
oxidized,  and  it  is  evident  that  the  copper  Yias  spT^«L^  \)clxom^  ^  ^^'^- 
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siderable  width  of  rock  outside  of  its  original  home.  In  nue  place 
the  mass  of  ampliibolite  is  about  150  feet  thick  Some  of  the  ^topes 
are  50  feet  wide.  The  prevailing  rocks  are  aniphibolite  of  varying 
grain,  chloritic  nchist,  and  a  dark-gimy  quartz  roek.  Much  low- 
grade  copper  ore,  said  to  average  2  per  cent,  still  remains  in  the 
workings.  The  ore  generally  consists  of  a  mixture  of  limonite,  mala- 
cliite,  cuprite,  and  chalcocite,  with  remaining  unaltered  gi'ains  of 
chalcopyritCj  which  evidently  is  the  original  mineral ;  this  ore  is  con- 
tained in  a  gangue  of  chloritic  schist  or  amphibolite.  There  is  no 
well-defined  zone  of  chalcocite,  A  little  zinc  blende,  galena,  and 
cerusite  occur  in  places*  The  ore  carries  a  very  small  amount  of  gold 
and  silver.  A  new  basic  lead -copper  sulphate,  having  the  formula 
Pb8O4.CuSO4.CuO J  was  found  in  the  eroppings.  It  appears  as  a 
dull  lemon- yellow  powder. 

The  firijst  attempts  to  find  the  ore  deposit  on  the  level  of  the  lowe45t 
(No.  3)  tunnel  were  not  Buccessful,  s:LS  indicated  under  the  descrip- 
tion of  the  rocks  (p.  1G2).  Recent  exploration,  however,  resulted  in 
the  finding  of  a  considerable  body  of  sulpliide  ore  40  feet  above  nntl  a 
little  to  the  north  of  the  tunneh  This  oixi  body  also  lies  on  the  con- 
tact of  the  biotite  schist  and  the  garnet  gneiss,  almost  directly  under- 
neath the  croppings,  following  the  southerly  dip  of  the  schists,  which 
.seem??  to  be  a  little  steeper  between  levels  2  jukI  '^  than  it  is  above  level 
2.  The  ore  is  here  about  300  feet  vertically  below  the  surface.  The 
find  had  just  been  opened  last  year,  and  so  far  as  could  1>e  seen  from  tlio 
scanty  exposures,  the  body  is  about  50  feet  wide,  although  the  work- 
able part  has  only  one-half  of  that  width.  The  rocks  are  fresh  and 
their  study  gives  a  far  better  insight  into  the  relations  than  is  possible 
in  the  oxidized  ores  of  the  upper  workings* 

The  foot  wall  was  exposed  in  only  one  place,  and  is  the  fissile  biotite 
schist  referred  to  above.  Next  lie  irregular  masses  of  a  dark-green 
fine-grained  amphibolite  composed  of  bluish-green  and  colorless  am- 
phiboles,  the  two  colors  in  places  combined  in  one  prism,  and  of  grains 
of  labradorite,  possibly  also  other  feldspars,  and  some  disseminated 
particles  of  magnetite.  The  structure  is  diablastic  and  typical  of  a 
crystalline  schist*  Mixed  with  the  amphibolite  are  streaks  and 
bunches  of  an  almost  black  quarts,  schist,  which  liesides  a  quarts 
mosaic  contains  slender  prisms  of  a  pale-greenish  or  grayish-blue 
amphibole  with  scarcely  measurable  extinction  and  a  few  grains  of 
magnetite  and  chalcopyrite.  Then  follows  several  feet  of  heavy,  dark 
zinc-blende  ore,  which  under  the  microscope  shows  reddish-brown 
sphalerite  and  a  little  chalcopyrite  intimately  intergrown  with  about 
equal  quantities  of  prisms  of  bluish-green  and  colorless  amphibole. 
The  bulk  of  the  ore  is  massive,  and  contains  lx>th  i^iinc  blende  and 
clialcopyrite,  with  about  10  per  cent  of  magnetite  and  some  pyrite;  as 
broken  it  is  said  to  contain  about  20  per  cent  of  zinc.    Under  the 
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microscope  the  ore  shows  irregular  masses  of  reddish  garnet  pene- 
trated by  prisms  of  colorless  monoclinic  amphibole,  which  also,  in- 
tergrown  in  the  manner  of  the  crystalline  schists,  makes  up  the  bulk 
of  the  rock.  These  two  minerals  contain  grains  of  chalcopyrite, 
pyrite,  magnetite,  and  zinc  blende  in  relations  indicating  simultane- 
ous formation  with  the  minerals  of  the  crystalline  schists.  There  are 
also  small  grains  of  a  dark-green  spinel  and  a  little  feldspar,  ap- 
parently labradorite  or  anorthite. 

Toward  the  hanging-wall  side  the  ore  gradually  becomes  poorer 
and  changes  into  the  normal  garnet  gneiss  described  under  "  Ge- 
ology." In  places  it  is  chloritic  and  contains  large  dodecahedra 
of  garnet.  In  the  garnet  gneiss  the  same  bluish-gray  amphibole 
referred  to  in  a  previous  paragraph  was  observed.  It  is  evidently 
closely  related  to  glaucophane. 

The  following  minerals  occur  at  the  Sedalia  mine:  Chalcopyrite, 
pyrite,  sphalerite,  galena,  chalcocite,  malachite,  azurite,  cerusite,  a 
new  basic  lead-copper  sulphate,  magnetite,  spinel  (zinc  spinel?),  co- 
rundum, quartz,  garnet,  hornblende,  biotite,  glaucophane?,  staurolite, 
labradorite,  asbestos,  talc,  chlorite. 

Summary  and  genesis. — For  the  origin  of  the  Sedalia  deposit  the 
following  hypothesis  is  suggested: 

The  series  of  micaceous  schists  at  the  Sedalia  mine  is  probably 
of  sedimentary  origin.  A  large  mass  of  diabase  or  gabbro  was  in- 
truded into  these  rocks  in  pre-Cambrian  time,  between  the  Sedalia 
mine  and  Salida ;  the  magma  contained  copper,  and  some  of  the  dikes 
intruded  into  the  folded  sediments  surrounding  the  igneous  massif 
were  products  of  differentiation  rich  in  copper  sulphides.  The  Se- 
dalia ore  deposit  is  probably  such  a  dike,  and  the  ores  originally 
consolidated  from  a  magma.  The  dike  followed  approximately,  but 
not  strictly,  the  planes  of  stratification.  Renewed  dynamometamor- 
phism  following  the  intrusion  accentuated  the  conversion  of  the  sedi- 
ments into  crystalline  schists,  and  changed  peripheral  parts  and  dikes 
of  the  intrusion  into  amphibolites.  The  ore  minerals  were  recrys-, 
tallized  and  migrated  in  part  through  the  wall  rocks,  the  contacts 
being  made  indistinct  by  the  pressure  and  rearrangement  of  minerals. 

In  its  present  form  the  deposit  is  assuredly  a  product  of  pre- 
Cambrian  dynamometamorphism^  and  to  judge  from  the  position  of 
the  covering  of  Paleozoic  crust  blocks  near  Turret  the  portion  now 
worked  was  at  least  1,500  feet  below  the  surface  upon  which  the  Cam- 
brian and  Carboniferous  sediments  were  deposited.  It  was  probably 
much  farther  below  the  surface  of  the  earth  at  the  time  of  the  in- 
trusion. The  intrusion  and  regional  metamorphism  of  the  diabase 
or  gabbro  was  followed  by  enormous  intrusions  of  granites,  which 
seem  to  be  barren  of  mineral  deposits.  Pressure  continued  after  the 
consolidation  of  these  rocks,  and  they  were  made  partly  schistose. 
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The' last  feature  in  the  pre-Cainbrian  intrusions  was  the  pegmatite 
dikes.  These  are  likewise  barren  and  one  of  them  has  cut  the  Sedalia 
deposit  in  two. 

Active  oxidation  has  converted  the  upper  200  feet  of  the  deposit 
into  copper  carbonates  and  chalcocite,  mixed  with  residual  sulphides, 
but  even  in  the  lowest  levels,  300  feet  below  the  surface,  there  are  in- 
dications of  incipieilt  oxidation.  The  water  level  is  at  present  below 
the  lowest  (No.  3)  tunnel.  There  is  no  well-defined  chalcocite  zone. 
In  the  upper  200  feet  of  the  deposit  the  zinc  blende  has  been  oxidized 
and  almost  wholly  removed  as  soluble  sulphate. 

COPPER    DEPOSITS    AT   TURRET. 

A  short  distance  west  of  the  Turret  mining  camp  (see  p.  160)  the 
granite  becomes  more  micaceous  and  somewhat  schistose.  At  the  In- 
dependence mine,  1  mile  west  of  Turret,  at  an  elevation  of  8,500  feet, 
the  strike  is  N.  55°  W.  and  the  dip  30°  NE.  The  schists  here  consist 
of  a  coarse  brown  "  augen  "  gneiss ;  there  is  also  some  quartz-biotite- 
garnet  schist  like  that  at  the  Sedalia  camp.  Str'eaks  of  very  coarse 
amphibolite  embedded  in  this  gneiss  or  schist  contain  partly  oxidized 
chalcopyrite.  The  explorations  have  been  carried  down  200  feet 
along  the  dip.  The  mine  was  not  entered,  but  the  owner,  Mr.  P.  S. 
Plympton,  states  that  the  width  of  the  ore  body  is  30  feet,  with  a 
richer  streak  5  feet  wide.  Molybdenite  is  stated  to  occur  in  this  de- 
posit. A  considerable  tonnage  of  copper  ore,  low  in  gold  and  silver, 
was  hauled  down  to  the  railroad  in  1907  and  sold  to  smelters,  where 
it  is  used  for  purposes  of  flux  in  matte  concentration. 

The  Copper  King  is  another  deposit  of  very  similar  character  sit- 
uated between  Turret  and  the  Independence  mine. 

COPPER  PROSPECTS  AT  CLEORA. 

The  Gleora  district  is  situated  4  miles  south  of  Salida  along  Arkan- 
sas River.  Many  prospects  have  been  located  here,  but  no  important 
deposits  are  reported.  The  ore  is  chalcopyrite,  occurring  in  amphibo- 
lite schist,  and  the  occurrence  is  probably  similar  to  those  described 
above. 

COTOPAXI    MINE. 

The  little  settlement  of  Cotopaxi  is  located  24  miles  southeast  of 
Salida,  in  the  canyon  of  Arkansas  River,  at  an  elevation  of  6,373  feet, 
or  about  600  feet  below  Salida.  The  old  Cotopaxi  mine  is  located  in 
a  small  gulch  half  a  mile  northwest  of  the  railroad  station.  It  has 
been  idle  for  many  years  and  the  underground  workings  were  closed 
in  1907,  but  it  was  at  one  time  a  considerable  shipper  of  copper  ore. 
The  lowest  tunnel  has  an  elevation  of  about  6,650  feet.  There  are 
three  tunnels,  40,  90,  and  120  feet  above  the  bottom  of  the  guldi. 
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The  prevailing  rocks  in  this  part  of  the  canyon  consist  of  reddish 
granite  or  gneissoid  granite  with  imperfect  schistosity.  Bunches  of 
irregular  pegmatite  dikes  are  also  present.  Approximately  1,500  feet 
above  the  river  on  the  north  side  the  Paleozoic  rocks  rest  flat  upon  the 
eroded  pre-Cambrian  complex.  The  deposit  occurs  in  granite  gneiss, 
with  irregular  strike  and  dip.  The  strike  is  chiefly  northeast  and 
southwest,  the  dip  about  45°  NW.  There  are  no  extensive  out- 
crops of  the  deposit,  which  appears  to  have  come  to  the  surface  only 
at  one  place  close  to  the  highest  tunnel.  As  the  underground  rela- 
tions could  not  be  seen,  the  following  notes  are  based  on  the  character 
of  the  rocks  as  shown  on  the  dump.  The  ore  minerals  are  massive 
chalcopyrite,  and  dark-brown  zinc  blende,  in  intimate  intergrowth. 
There  are  also  a  few  grains  of  galena.  The  gangue  consists  of  quartz 
with  large  amounts  of  biotite,  reddish  garnets,  and  dark-green 
amphibole.  Some  of  the  material  on  the  dump  is  a  soft  schist  com- 
posed only  of  mica  and  garnet  with  a  few  grains  of  chalcopyrite. 
There  are  also  almost  pegmatitic  rocks  consisting  of  quartz,  labra- 
dorite,  and  dark-green  zinc  spinel,  with  a  little  chalcopyrite  and 
galena.  The  zinc  spinel  (gahnite)  is  abundant  in  places,  and  the 
locality  is  mentioned  by  Dana.  The  deposit  is  probably  a  lenticular 
mass  of  an  igneous  basic  ore-bearing  rock,  now  greatly  metamor- 
phosed and  conformable  to  the  schistosity  of  the  gneiss. 

The  similarity  to  the  Sedalia  deposit  is  unmistakable,  and  there 
seems  to  be  little  doubt  that  the  Cotopaxi  mine  should  be  classed  with 
the  pre-Cambrian  copper  deposits.  If  this  is  correct  the  ores  lie 
about  1,500  feet  below  the  eroded  surface  on  which  the  Paleozoic  sedi- 
ments were  deposited.  Probably  they  were  formed  at  a  far  greater 
depth  below  the  surface. 

PRE-CAMBRTAN  COPPER  DEPOSITS  IN  JEFFERSON 

COUNTY. 

LOCATION  AND  GEOLOGY. 

Jefferson  County  contains  a  part  of  the  Front  Range  just  west  of 
Denver.  Between  Golden,  on  Clear  Creek,  and  Evergreen,  on  Bear 
Creek,  are  several  copper  prospects  on  some  of  which  considerable 
development  work  has  been  done.  The  only  mine  which  has  any  pro- 
duction to  its  credit  is  the  Malachite  property. 

As  is  well  known,  the  Front  Range  is  in  this  region  almost  whoixy 
built  up  of  granite  and  gneissoid  rocks.  The  geology  has  been  briefly 
described  and  mapped  in  a  recent  paper  by  James  Underhill.<» 
Several  kinds  of  granite  and  gneisses,  as  well  as  belts  of  diorite,  are 
described.  The  conclusion  of  this  author  is  that  the  whole  series  is 
of  igneous  origin,  and  that  the  rocks  were  possibly  formed  at  a  later 

•  Areal  geology  of  lower  Clear  Creek :  Proc.  Colorado  Sci.  Soc,  toI.  8,  1906,  pp.  103-122. 
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period  than  has  generally  been  supposed,  perhaps  as  late  as  the  Devo- 
nian. It  is  difficult  to  accept  these  results  entirely.  The  general 
fact  of  a  great  unconformity  at  the  base  of  the  Cambrian  seems  fully 
proved  throughout  Colorado,  and  also  the  fact  that  there  were  no 
post-Cambrian  epochs  of  dynamometamorphism  in  this  region.  The 
age  of  the  gneiss  complex  of  the  Front  Range,  aside  from  some  later 
intrusions,  is  pre-Cambrian  beyond  question.  The  correctness  of 
recognizing  as  separate  intrusions  some  of  the  granites  outlined  by 
Underbill  seems  at  least  open  to  discussion,  and  the  igneous  origin 
of  some  of  the  gneisses  seems  likewise  doubtful.  Three  principal 
features  are  likely  to  impress  the  observer  of  the  geology  of  this 
region — first,  the  great  masses  of  biotite  schist,  compressed,  folded, 
and  contorted  in  the  most  extreme  manner;  second,  the  tremendous 
injection  of  granite  and  pegmatitic  material  to  which  this  schist  has 
been  subjected ;  third,  the  great  areas  of  somewhat  gneissoid  granite. 
The  biotite  schist  bears  all  the  earmarks  of  a  highly  metamorphosed 
sedimentary  series,  soaked  in  granitic  and  pegmatitic  magmas. 

Belts  of  amphibolite  are  inclosed  in  the  schists  a  few  miles  east  of 
Evergreen  and  continue  in  a  northwesterly  direction  for  at  least  a 
few  miles.  At  the  F.  M.  D.  prospect  the  belt  is  at  least  1,000  feet 
wide;  the  schistosity  strikes  due  northwest  and  dips  75°  SW.  This 
amphibolite  contains  in  places  pegmatite  dikes,  showing  that  the  rock 
is  older  than  the  pegmatite  intrusions.  In  one  or  two  places  where 
good  exposures  are  available  dark,  fine-grained  diorites  or  diabases 
are  seen  to  cut  this  amphibolite  in  sharply  defined  narrow  dikes. 

ORE  DEPOSITS. 

In  general  the  copper  deposits  are  in  or  near  the  amphibolites.  At 
the  Despatch  property,  2  miles  below  Evergreen,  the  prevailing  rock 
is  granite,  but  there  is  also  some  schist.  The  shaft  is  reported  to  be 
140  feet  deep  and  two  "  veins  "  containing  copper  are  said  to  have 
been  encountered. 

The  F.  M.  D.  property  li6s  on  a  tributary  to  Bear  Creek  about  5 
miles  northwest  of  Evergreen,  at  an  elevation  of  6,800  feet.  A  ver- 
tical shaft  350  feet  deep  has  been  sunk  here  and  three  "veins"  of 
copper-bearing  ore  are  said  to  have  been  cut.  Work  is  suspended  and 
the  shaft  is  partly  filled  with  water.  The  country  rock  is  a  dark- 
green  amphibolitic  schist  which  contains  pyrite  and  chalcopyrite. 
The  rock  consists  of  intimately  intergrown  prisms  of  ragged  green 
hornblende  and  foils  of  biotite.  In  and  between  these  minerals  lies  a 
mosaic  of  labradorite.  Accessories  are  apatite  and  magnetite,  the 
latter  intergrown  with  pyrite  ancj  chalcopyrite.  The  rock  is  probably 
a  metamorphosed  diabase.  Coarse-grained  masses  of  a  pale-green 
labradorite  (?)  feldspar,  quartz,  and  biotite  occur  in  the  schist,  per- 
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haps  as  a  dike,  and  contain  pyrite  and  chalcopyrite.  Fractures  in  this 
rock  are  coated  by  secondary  pyrite  and  an  unusual  mineral  in  small 
aggregates  of  rhombohedra  of  brilliant  luster.  According  to  an 
analysis  by  Dr.  E.  C.  Sullivan,  this  mineral  is  a  rare  zinciferous 
siderite  containing  11.6  per  cent  of  zinc  oxide  and  allied  to  the  sub- 
species monheimite.  The  pyritic  deposit  at  the  F.  M.  D.  mine  seems 
to  trend  east  and  west,  toward  the  Malachite  mine  and  obliquely  to 
the  schistosity,  and  it  perhaps  represents  a  dike  somewhat  later  than 
the  mass  of  the  amphibolite.  The  continuity  of  the  pyritic  ores  be- 
tween the  two  deposits  is,  however,  not  proved.  A  small  prospect 
shaft  a  quarter  of  a  mile  west  of  the  Malachite,  toward  the  F.  M.  D., 
shows  amphibolite  schist  with  streaks  of  chalcopyrite  and  pyrite  con- 
taining a  little  garnet  and  epidote.  Barren  pegmatite  dikes  cut  this 
amphibolite. 

The  Malachite  mine  is  situated  on  a  high  ridge  near  the  northerly 
divide  of  Bear  Creek,  IJ  miles  east  of  the  F.  M.  D.,  at  an  elevation 
of  7,000  feet.  Many  years  ago  this  mine  produced  a  considerable 
amount  of  oxidized  ores,  and  intermittent  small  shipments  have  been 
made  since  then.  The  value  of  the  total  production  is  estimated  by 
the  former  owners  to  be  $35,000.  These  ores  were  taken  out  from  a 
shaft  150  feet  in  depth.  A  tunnel  300  feet  in  length  has  been  driven 
in  a  northerly  direction  to  tap  the  lower  workings  at  the  bottom  of 
this  shaft,  and  at  the  time  of  visit  this  tunnel  was  being  reopened. 

The  entire  length  of  the  tunnel  is  in  contorted  biotite  and  amphi- 
bole  schist  intersected  by  pegmatite  dikes.  The  deposit  opened  by 
the  old  shaft  does  not  appear  to  be  directly  continued  on  the  tunnel 
level,  but  immediately  beyond  the  shaft  the  tunnel  had  just  inter- 
sected an  irregular  mass  of  sulphides  about  10  feet  in  width.  Of  the 
position  of  this  ore  with  reference  to  the  upper  workings  nothing 
definite  can  be  said,  as  these  workings  were  not  accessible.  The  ore 
is  massive  and  consists  of  coarse  masses  of  chalcopyrite,  zinc  blende, 
and  pyrrhotite,  said  to  contain  some  nickel.  It  contains  very  little 
gold  and  silver.  Sharply  defined  but  small  octahedra  of  pyrite  are 
embedded  in  the  pyrrhotite.  The  minerals  occurring  with  the  ores 
are  augite,  a  pale-green  feldspar  in  grains  up  to  1  centimeter  in 
diameter,  and  small  grains  of  quartz.  The  thin  section  reveals  the 
fact  that  the  feldspar  is  labradorite  in  broad  plates;  a  pale-green 
augite  is  abundantly  intergrown  with  the  feldspar  in  gabbro  struc- 
ture. A  few  grains  of  apatite  and  titanite  form  the  accessory  min- 
erals. The  feldspar  is  in  part  sericitized  and  the  augite  is  locally 
converted  to  greenish-brown  hornblende.  The  abundant  ore  min- 
erals in  the  sections  are  pyrrhotite,  chalcopyrite,  and  dark-brown 
zinc  blende,  all  three  genetically  equivalent  and  intergrown  with 
augite  and  feldspar  in  a  manner  to  indicate  simultaneous  crystalli- 
zation.    The  sulphides  include  these  minerals,  and  vice  versa;  the 
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included  augite  is  sharply  defined  with  curved  contact  lines.  The 
inevitable  conclusion  is  that  the  ores  form  part  of  a  gabbroitic 
dike  rock  and  that  they  have  crystallized  from  a  molten  magma. 

A  few  of  the  ores  are  surrounded  by  a  colorless  or  pale-yellow 
epidote  and  a  little  quartz,  which  probably  resulted  from  secondary 
action  in  the  consolidated  rock. 

The  Malachite  ore  deposit  is,  then,  a  gabbro  dike  containing  mag- 
matic  sulphides  later  than  the  main  mass  of  schists,  but  probably 
earlier  than  the  pegmatite.  The  proof  of  pre-Cambrian  age  is  not 
quit«  as  strong  as  at  the  Sedalia  mine.  Marked  points  of  resemblance 
will  easily  be  perceived  between  all  these  copper  deposits  so  far 
described,  and  it  seems  justifiable  to  regard  them  all  as  differentiation 
products  of  a  basic  magma,  in  places  changed  and  rearranged  by 
dynamometamorphism. 

The  Augusta  lode  on  Cub  Creek,  half  a  mile  above  Evergreen,  is  a 
very  different  deposit.  Ore  containing  copper  and  silver  was  shipped 
from  it  several  years  ago  and  work  has  been  resumed  at  intervals. 
The  principal  development  consists  of  a  shaft  130  feet  deep.  The  lode 
is  a  sharply  defined  quartz-fluorite  vein,  occurring  in  red  granite ;  its 
strike  is  north -northwest  and  its  dip  70°  WSW.  Yellow  zinc  blende 
and  chalcocite  are  the  ore  minerals.  The  vein  shows  distinct  crusti- 
fication,  and  is  evidently  very  much  younger  than  the  deposits  de- 
scribed above. 

COPPKR  I>EP<>SITS  IN  THE   "RED  BEDS"  OF  FKEMOXT 

COU^STTY. 

LOCATION. 

The  Red  Gulch  copper  district  is  situated  in  Fremont  County  about 
9  miles  due  north  of  Cotopaxi  station  on  the  Denver  and  Rio  Grande 
Railroad.  The  elevation  at  this  station  is  6,373  feet,  and  the  high 
plateau  at  the  Red  (lulch  camp  has  an  elevation  of  about  8,000  feet. 

GEOLOGY. 

The  Arkansas  River  canyon  is  here  cut  in  pre-Cambrian  gneiss  and 
schist.  On  the  north  side  of  the  river  and  about  1,500  feet  above  it  a 
block  of  Paleozoic  limestones  gently  inclined  eastward  rests  upon  the 
eroded  pre-Cambrian  surface.  The  road  to  the  copper  camp  ascends 
steeply  for  a  few  miles  in  Bernard  Creek,  enters  the  limestone  area, 
crosses  eastward  over  into  Red  Gulch,  the  next  tributary  to  the 
Arkansas  from  the  north,  and  here  enters  tlie  "  Red  Beds,"  w^hich 
overlie  the  limestones  and  like  them  dip  about  20°  E.  Following 
Red  Gulcli,  the  road  continues  northward  for  3  or  4  miles  in  a  wide, 
open  valley,  a  sort  of  high  plateau,  in  which  the  creek  runs  with 
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slight  fall.  At  the  camp  is  a  small  settlement  called  Copperfield,  and 
half  a  mile  farther  north  another  named  Springfield.  Immediately 
east  of  Red  Gulch,  and  in  places  following  the  creek  bed,  a  great 
north-south  fault  brings  up  the  pre-Cambrian  gneissoid  granites 
above  the  "  Red  Beds,"  and  these  rocks  form  the  whole  eastern  slope 
of  the  valley,  which  rises  about  1,000  feet  above  the  watercourse. 
On  the  western  side  the  ridge  of  Paleozoic  limestones  is  seen  in  the 
distance. 

The  series  of  sedimentary  rocks  exposed  along  Red  Gulch  is  ap- 
proximately as  follows.  The  examination  extended  over  only  one 
day  and  was  in  the  nature  of  a  rapid  reconnaissance. 

Approximate  section  of  "  Red  Beds  "  (if  Red  Gulch,  Colorado, 

Top.  Feet. 

1.  Gray  limestone,  partly  siHcified 250 

2.  Red  or  green  shale 20 

3.  Red    conglomerate __^ 20 

4.  Red  or  green  shale 30 

5.  Conglomerate 40 

6.  Dark-green    shales 200 

The  main  body  of  Carboniferous  limestones  lies  at  an  undetermined 
distance  below  No.  6.  The  original  color  of  the  shales  and  conglom- 
erates is  apparently  dark  green,  but  oxidation  rapidly  turns  them  to 
a  deep  brownish-red  color.  Water  is  scarce  and  evidently  contains 
a  large  amount  of  sulphates.  The  age  of  these  beds  is  doubtful.  The 
limestones  contain  some  imperfect  round  crinoid  stems,  and  more 
careful  search  would  probably  reveal  better  fossils.  The  series  prob- 
ably belongs  in  the  upper  Paleozoic  column. 

Within  a  distance  of  a  few  hundred  to  1,000  feet  from  the  great 
fault  the  beds  begin  to  dip  more  steeply,  and  at  the  fault  they  have 
at  many  places  assumed  a  vertical  position.  A  few  smaller  transverse 
east-west  faults  were  noted.  The  only  rock  intrusive  in  the  "  Red 
Beds  "  is  a  thoroughly  oxidized  east- west  dike,  a  fourth  of  a  mile 
north  of  Springfield,  which  is  said  to  contain  a  little  silver.  It  has 
no  apparent  connection  with  the  copper  deposits. 

COPPER  DEPOSITS. 

At  several  horizons  the  "  Red  Beds  "  of  Red  Gulch  contain  copper 
ores — chalcocite,  malachite,  and  azurite — and  the  deposits  are  of  the 
type  made  familiar  by  many  occurrences  in  New  Mexico,  Arizona,  and 
western  Colorado.  Their  existence  has  been  known  for  many  years, 
but  active  exploration  began  only  in  1907,  and  several  companies  are 
now  operating  in  the  camp.  Two  cars  of  high-grade  ore  and  several 
cars  of  low-grade  material  are  said  to  have  been  shipped  in  1907, 
principally  from  the  Red  Gulch  and  Copper  Prince  mines. 
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The  Copper  Prince  property  lies  a  short  distance  northwest  of  Cop- 
perfield  and  covers  a  slope  of  heavy  red  conglomerate  of  well-washed 
pre-Cambrian  rocks.  Bunches  of  oxidized  copper  ores  and  chalco- 
cite  are  found  in  the  pits  sunk  in  the  conglomerate,  apparexitly  with- 
out exception  associated  with  coaly  material  representing  fossil  wood. 
In  a  coaly  shale  bed  below  the  conglomerate,  exposed  in  a  small  shaft, 
chalcocite  occurred  more  abundantly. 

The  Colorado  Copper  Company  has  sunk  a  shaft  on  the  hill  about 
1,000  feet  east  of  the  creek  at  Copperfield  and  150  feet  above  it ;  the 
depth  attained  in  September,  1907,  was  about  250  feet.  The  water 
is  kept  in  check  by  bailing.  The  sediments  between  the  creek  and 
the  shaft  dip  eastward  at  moderate  angles  and  consist  of  red  shale 
with  one  intercalated  bed  of  conglomerate.  Near  the  shaft  they  dip 
at  a  steeper  angle  and  the  shales  turn  into  reddish-brown  limestone. 
At  the  granite  contact  about  100  feet  east  of  the  shaft  the  strata  stand 
vertically  or  dip  a  few  degrees  from  the  vertical  to  the  west.  The 
fault  is  clearly  marked,  but  no  ore  appears  to  follow  it.  Copper 
Ftains  appear  in  various  places,  especially  in  a  belt  of  quartzitic  rock 
which  lies  near  the  contact,  but  it  was  not  claimed  that  large  ore 
bodies  had  been  found. 

The  most  interesting  developments  are  at  Springfield,  half  a  mile 
north  of  Copperfield.  The  Red  Gulch  Gold  and  Copper  Mining 
Company  is  operating  at  this  place  just  east  of  the  creek  and  has 
sunk  a  shaft  150  feet  deep  on  an  incline  of  70°  from  the  horizontal. 
Some  rich  chalcocite  ore  has  been  shipped.  The  fault  lies  here 
within  a  few  hundred  feet  of  the  creek.  On  the  west  side  are  gently 
dipping  shales  and  conglomerates,  which  near  the  shaft  of  the  com- 
pany gradually  assume  a  dip  of  70°.  The  ore  follows  a  bed  of  car- 
bonaceous shale  4  feet  wide.  In  the  foot  wall  lies  a  heavy  red  con- 
glomerate; the  hanging  wall  consists  of  about  50  feet  of  red  shales 
with  some  intercalated  conglomerate.  The  dip  here  becomes  nearly 
vertical.  The  shales  are  capped  by  about  200  feet  of  gray,  partly 
silicified  limestone,  which  adjoins  the  gi'eat  fault  bringing  up  the  pre- 
Cambrian  granitic  complex.  The  dark-gray,  soft  ore-bearing  shale 
contains  seams  of  a  compact  bituminous  coal  up  to  an  inch  or  more 
in  thickness,  and  in  places  abundantly  disseminated  chalcocite.  The 
copper  mineral  appears  to  follow  the  coal  seams  very  closely,  and 
specimens  show  a  peculiar  ore  of  intimately  intergrown  chalcocite 
and  coal.  It  is  stated  that  the  coal  itself  contains  copper.  Polished 
sections  show  that  this  is  due  to  very  minute  veinlets  of  the  copper 
sulphide  in  the  coal.  According  to  a  determination  by  Doctor 
Hillebrand  the  coal  contains  some  vanadium.  The  analysis  gave 
0.114  V0O3.  The  chalcocite  also  occurs  in  smooth  nodules  in  the 
shale,  usually  1  or  2  inches  in  diameter.  Sections  of  these  •nodules 
show  that  the  bedding  planes  of  the  shale  continue  through  them  and 


COPPER  IN  CHAFFEE,  FREMONT,  AND  JEFFERSON  COUNTIES,  COLO.    173 

the  inference  is  plain  that  they  replace  coaly  shale  material.  The 
only  associated  mineral  thus  far  found  is  barite,  narrow  seams  of 
which  cut  both  ore  and  coal.  The  pure  chalcocite  is  said  to  contain 
at  most  10  ounces  of  silver  per  ton.  No  ore  occurs  in  the  red  shale, 
nor  in  the  conglomerate  or  the  limestone.  The  fault  plane  is  likewise 
barren. 

Half  a  mile  north  of  Springfield  are  the  Acme  and  Queen  Princess 
properties.  These  are  located  on  a  gently  dipping  cupriferous  dark- 
gray  or  dark-green  shale,  probably  the  lower  part  of  No.  6  in  the 
section  (p.  171).  At  the  Queen  Princess  two  ore-bearing  deposits,  12 
feet  apart,  have  been  opened.  The  surface  shows  but  little  copper, 
but  about  15  inches  from  the  outcrops  green  stains  and  narrow  seams 
of  sooty  chalcocite  appear.  The  ore  is  apparently  of  low  grade.  The 
shale  of  the  Red  Gulch  mine  lies  probably  200  feet  above  this  horizon, 
but  WS'  copper  is  reported  from  it  at  this  place. 

CONCLUSIONS. 

The  copper  deposits  of  this  district  are  in  the  main  similar  to  those 
in  the  "  Red  Beds  "  of  New  Mexico  and  Arizona  and  share  with  them 
certain  disadvantages  of  exploitation,  being  generally  of  low  grade 
and  presenting  difficulties  of  concentration,  or  leaching.  AVhether 
any  property  contains  payable  ore  bodies  can  be  determined  only  by 
careful  sampling  and  close  consideration  of  problems  of  transporta- 
tion and  reduction.  As  far  as  known  to  the  writer  the  bodies  of 
low-grade  disseminated  ore  in  the  "  Red  Beds  "  have  not  been  profit- 
ably handled  anywhere,  in  spite  of  many  attempts.  On  the  other 
hand,  the  finding  of  rich  chalcocite  shipping  ore  in  the  coaly  shale 
is  a  more  promising  feature,  encouraging  further  exploration  in 
favorable  places. 

GENESIS. 

In  view  of  the  extended  discussion  of  the  genesis  of  the  copper 
deposits  in  the  "  Red  Beds,"  the  data  obtained  in  this  camp  are  of 
more  than  passing  interest.  The  earlier  view  that  the  copper  ores 
were  formed  simultaneously  with  the  accumulation  of  the  strata  in 
which  they  occur  has  lately  been  disputed,  and  theories  explaining 
their  origin  by  ascending  thermal  solutions  or  by  precipitation  from 
circulating  surface  waters  have  been  advanced.  The  primary  ore 
of  the  Red  Gulch  district  is  unquestionably  chalcocite.  Its  connec- 
tion with  the  beds  containing  carbon  is  equally  unquestionable.  Sec- 
tions of  the  ore  occurring  in  the  Red  Gulch  mine  show  that  the  chal- 
cocite is  deposited  by  replacement  of  this  coal,  which  of  course  would 
exercise  a  strong  reducing  action.  If  this  theory  is  accepted  it  fol- 
lows that  the  solution  must  have  contained  copper  sulphate.  The 
presence  of  barite  and  the  known  gypsiferous  character  of  the  "  Red 
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Beds  "  indicate  that  sulphate  solutions  would  be  abundant  in  them. 
The  reaction  probably  took  place  according  to  the  following  formula, 
in  which  it  can  be  shown  that  chalcocite  and  carbon  would  be  ex- 
changed almost  volume  for  volume:  4CuS04+5C+2H20=2Cu2S+ 
2H2SO4+5CO2. 

This  reaction  would  not  appear  to  necessitate  ascending  or  heated 
waters,  but  could  proceed  at  ordinary  temperatures  in  circulating 
surface  waters.  It  has  been  shown  in  preceding  pages  that  the  pre- 
Cambrian  rocks  which  furnish  the  material  for  the  "  Red  Beds  "  con- 
tain old  copper  deposits.  The  degradation  of  these  pre-Cambrian  de- 
posits would  distribute  through  the  "  Red  Beds "  an  appreciable 
amount  of  copper  salts,  partly  soluble,  partly  sulphides.  When  sur- 
face waters  containing  oxygen  searched  these  beds  copper  would 
naturally  be  dissolved  as  a  sulphate,  and  its  precipitation  as  chalco- 
cite would  follow  wherever  agents  of  reduction,  such  as  carbon,  were 
available. 


NOTES  ON  THE  FORT  HALL  MINING  DISTRICT,  IDAHO. 


By  F.  B.  Weeks  and  V.  C.  Heikes. 


rNTRODUCTION. 

The  Fort  Hall  mining  district  is  located  in  Bannock  County, 
southern  Idaho,  near  the  city  of  Pocatello  and  along  the  Oregon 
Short  Line  Railroad.  The  present  paper  contains  the  results  of  a 
brief  reconnaissance  undertaken  in  October,  1907. 

The  mining  district  was  established  June  17,  1902,  and  its  area 
comprises  all  of  the  ceded  portion  of  the  Fort  Hall  Indian  Reserva- 
tion lying  within  Bannock  County.  It  extends  approximately  26 
miles  north  and  south  and  30  miles  east  and  west,  comprising  an  area 
of  about  750  square  miles.  Pocatello  lies  in  the  northwestern  part* of 
the  district. 

TOPOGRAPHY  AND   DRAINAGE. 

Portions  of  three  mountain  ranges  are  included  within  the  district — 
the  Pocatello  Range  in  the  western,  the  Bannock  Range  in  the  cen- 
tral, and  the  Portneuf  Range  in  the  eastern  part.  These  ranges  trend 
north  and  south  and  are  fairly  well  defined.  The  upper  and  the 
lower  Portneuf  valleys  and  the  Marsh  Creek  valley  are  the  principal 
depressions.     (See  fig.  10.) 

The  Portneuf  Range  extends  from  the  valley  of  Ross  Fork  on  the 
north  to  Cache  Valley  on  the  south.  On  the  east  is  a  wide  valley 
known  as  Portneuf  Valley,  and  on  the  west  it  is  separated  from 
the  Bannock  Range  by  the  south  fork  of  Ross  Fork,  Rapid  River, 
and  a  portion  of  Portneuf  River.  It  is  about  40  miles  long  and  its 
average  width  is  12  to  15  miles.  The  principal  peaks  are  Mount  Put- 
nam and  Bonneville  Peak,  the  latter  havii^^g  the  greater  elevation — 
9,200  feet.  Portneuf  River  has  cut  a  deep  canyon  across  the  southern 
part  of  the  range  nearly  at  right  angles  to  its  trend.  South  of  this 
canyon  the  range  is  formed  of  several  parallel  ridges  of  less  eleva- 
tion, but  much  wider  in  mass  than  the  ncwrthem  part  of  the  uplift. 

The  Bannock  Range  is  bouncfed  an  the  north  by  the  valley  of  Ross 
Fork  and  extends  southward  to  ih&  headwaters  of  Malade  Creek. 
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Portneuf  River  cuts  through  the  range  at  right  angles  to  its  trend 
about  10  miles  north  of  its  canyon  through  the  Portneuf  Range.  The 
northern  portion  of  the  Bannock  Range  is  formed  of  the  Tertiary 
and  basalt  hills  south  of  Ross  Fork,  the  hills  west  of  Mount  Putnam, 
and  the  ridge  which  faces  the  lower  valley  of  the  Portneuf.  South  of 
the  Portneuf  Canyon  the  range  extends  to  the  headwaters  of  Marsh 
and  Malade  creeks. 

The  Pocatello  Range  extends  from  the  Snake  River  plains  south- 
ward to  the  headwaters  of  Bannock  and  Malade  creeks  and  is  formed 
of  a  broad  mass  of  hills  and  ridges. 


Fig.  10. — Geologic  sketch  map  of  Fort  Hall  mining  district,  Idaho. 

Portneuf  River  and  its  tributaries  drain  thei  three  ranges  above 
described.  This  stream  forms  one  of  the  principal  southern  branches 
of  Snake  River.  Its  course  is  very  irregular.  It  rises  in  the  hills 
north  of  Portneuf  Valley,  which  form  the  divide  separating  the  Great 
Basin  from  the  Pacific  drainage,  and  flows  southward  for  about  35 
miles,  penetrating  the  eastern  portion  of  the  Portneuf  Range ;  turns 
abruptly  to  the  west  and  cuts  directly  through  the  range ;  thence  flows 
northwestward  and  northward  for  about  10  miles,  paralleling  the 
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valley  of  Marsh  Creek,  from  which  it  is  separated  by  a  basalt  flow 
from  1  to  2  miles  wide;  turns  again  abruptly  to  the  west  and  cuts 
through  the  Bannock  Range  a  short  distance  below  the  mouth  of 
Marsh  Creek;  and  thence  flows  northwestward  into  Snake  River. 
Before  reaching  the  Snake  the  Portneuf  receives  the  waters  of  Ross 
Fork  from  the  east  and  Bannock  Creek  from  the  south. 

The  basaltic  flows  through  which  the  Portneuf  has  cut  a  channel  of 
considerable  depth  and  which  form  benches  reaching  back  to  the  foot 
of  the  mountain  slopes  are  prominent  features  of  the  valley  of  this 
stream. 

GEOIiOGY. 

STRATIGRAPHY. 

The  sedimentary  strata  exposed  in  the  Fort  Hall  mining  district 
extend  from  the  upper  Cambrian  to  the  lower  Carboniferous.  They 
outcrop  principally  along  the  higher  portions  of  the  ridges  and  have 
been  folded  into  a  series  of  anticlines  and  synclines.  The  lower 
slopes  are  usually  covered  by  debris  and  the  Portneuf  Valley  is  filled 
by  basalt  flows. 

CAMBRIAN  AND  ORDOVICIAN. 

Only  the  upper  beds  of  the  Cambrian  system  are  exposed  in  this 
area,  in  the  Pocatello  Range  and  along  the  western  slope  of  the  Port- 
neuf Range.  They  form  the  northern  extension  of  the  strata  exposed 
along  the  eastern  side  of  Malade  Valley,  and  their  age  has  been  de- 
termined by  fossils  collected  and  identified  by  Charles  D.  Walcott.*" 
The  strata  comprise  siliceous  and  cherty  limestones  and  are  conform- 
ably overlain  by  Ordovician  sandstones.  The  Ordovician  rocks  cover 
the  greater  part  of  the  district.  They  are  mainly  quartzites,  con- 
glomerates, and  shales,  with  a  series  of  limestones  50  to  75  feet  thick 
in  the  upper  part.  The  total  thickness  is  approximately  3,000  feet. 
They  represent  the  horizon  of  the  Ogden  quartzite  of  the  Wasatch 
Range  and  by  change  in  "character  of  sediments  probably  include  the 
limestones  of  Ordovician  age,  which  occur  above  and  below  the  Ogden 
quartzite  in  that  region. 

DEVONIAN,   SILURIAN,  AND   CARBONIFEROUS. 

Field  work  by  the  senior  author  in  1905  in  the  northern  part  of  the 
Wasatch  Range  has  shown  that  Devonian  and  Silurian  strata  occur 
in  that  region.  It  is  possible  that  strata  of  the  same  age  may  be  pres- 
ent on  the  eastern  slope  of  the  Portneuf  Range  beneath  the  known 
Carboniferous  limestones.^ 

•  Personal  communication ;  also  Sixth  Ann.  Rept.  U.  S.  Geol.  Suryey  Terr.,  1873,  pp. 
203-204. 

•Eleventh  Ann.  Rept.  U.  S.  Geol.  and  Geog.  Survey  Terr.,  1879,  pp.  329-330. 

47076— Bull.  340—0$ 12 
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Carboniferous  rocks  occur  only  in  the  northeastern  comer  of  the 
district.  They  consist  of  limestones  of  Mississippian  age,  as  shown 
by  fossils  collected  by  the  Hayden  Survey .« 

STRUCTURE. 

An  anticlinal  fold,  formed  by  Cambrian  and  Ordovician  strata, 
follows  approximately  the  trend  of  the  Pocatello  Range.  West  and 
a  little  south  of  the  canyon  of  Portneuf  River  through  the  Ban- 
nock Range  this  fold  is  broken,  probably  by  a  thrust  fault.  South- 
east of  Pocatello  the  valley  of  the  Portneuf  occupies  a  syncline  which, 
south  of  the  bend  of  the  river,  is  broken  by  a  fault  of  considerable . 
displacement. 

The  Bannock  Range  is  formed  by  an  anticlinal  fold  that  follows 
its  general  trend.  This  structure  is  well  shown  on  the  ridge  north  of 
the  Portneuf  Canyon.  South  of  this  canyon  the  ridge  shows  only  the 
eastern  side  of  the  fold.  In  the  tunnel  of  the  Fort  Hall  copper  mine 
the  lower  part  of  this  fold  is  shown  to  be  broken  by  a  fault. 

Between  the  Portneuf  and  Bannock  ranges  the  valley  of  Port- 
neuf River  occupies  a  synclinal  basin.  The  strata  rise  in  a  low  anti- 
cline along  the  western  slope  of  the  Portneuf  Range,  exposing  the 
Cambrian  limestones  in  a  rather  narrow  north-south  belt  extending 
across  the  district.  The  main  ridge  is  an  eastward-dipping  mono- 
cline of  Ordovician  strata  which  merges  into  a  low  syncline  in  the 
southern  part  of  the  upper  Portneuf  Valley. 

An  east- west  structure  section  across  the  district  is  shown  in  fig.  11. 

IGNEOUS  ROCKS. 

With  the  exception  of  the  basaltic  flows,  igneous  rocks  are  of  rare 
occurrence  in  the  Fort  Hall  district.  On  the  north  side  of  the  can- 
yon of  the  Portneuf  through  the  Bannock  Range  is  exposed  a  gray- 
ish-green rock,  which  under  the  microscope  is  seen  to  be  of  igneous 
origin.  The  structure  of  the  rock  indicates  that  it  was  probably 
poured  out  through  a  vent  or  fissure  as  a  sheet  of  lava.  In  its  present 
outcrop  it  appears  as  more  or  less  regularly  defined  beds.  South  of 
the  river  it  is  not  found  in  any  of  the  underground  workings,  so  far 
as  known,  but  it  may,  nevertheless,  underlie  the  main  ridge  at  no 
great  depth.  To  the  north  and  east  of  the  river  it  rises  on  the  upward 
pitch  of  the  Bannock  anticline  and  forms  the  surface  rock  over  a 
considerable  area  on  the  western  side  of  a  second  anticline  that  is 
developed  in  the  region  known  locally  as  Moonlight. 

In  the  hand  specimen  the  rock  is  of  medium  grain  and  rather  com- 
pact, but  shows  distinct  amygdaloidal  texture.  It  is  as  a  rule  some- 
what schistose  and  has  probably  been  subjected  to  the  action  of  the 


«  Sixth  Ann.  Kept.  U.  S.  Geol.  Survey  Terr.,  1873,  p.  206  ;   Eleventh  Ann.  Rept.,   1879, 
p.  563. 
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dynamic  forces  which  have  affected 
the  associated  sedimentary  rocks.  Un- 
der the  microscope  it  appears  greatly 
decomposed,  but  still  preserves  its 
character  as  an  amygdaloidal  diabase. 
Its  most  prominent  characteristic  is 
the  occurrence  of  many  elongated 
amygdules  filled  with  coarse  calcite 
and  rimmed  by  hematite.  Portions  of 
the  rock  mass  are  very  strongly  schis- 
tose and  stained  with  copper  carbon- 
ates. Others,  more  massive,  contain 
specks  of  chalcopyrite  and  pyrrhotite. 
A  deep-green  chlorite  is  the  most 
abundant  mineral,  but  remains  of 
augite  still  show  in  places,  as  well  as 
locally  preserved  triclinic  feldspars  of 
lathlike  form. 

ORE    DEPOSITS. 

OCCURRENCE. 

Prospecting  work  has  been  done  at 
several  points  since  this  portion  of  the 
Fort  Hall  Reservation  was  thrown 
open  to  the  public,  but  the  most  im- 
portant mining  operations  have  been 
carried  on  by  the  Pocatello  Gold  and 
Copper  Company,  owning  the  Moon- 
light group  of  claims  in  the  northern 
part  of  the  district,  and  the  Fort  Hall 
Mining  Company  in  the  southern  part. 
(See  fig.  10.)  The  valuable  metals 
of  the  ores  are  copper,  silver,  and  gold. 
The  occurrence  of  lead  is  limited  to 
small  quartz  veins  in  the  limestone, 
and  a  little  of  this  metal  is  also  asso- 
ciated with  the  copper  minerals  in  the 
Fort  Hall  prospects.  Some  manga- 
nese oxide  and  iron  ore  are  found  in 
parts  of  the  district,  but  no  attempt 
has  been  made  to  ship  the  material. 

The  Moonlight  property  is  located 
at  the  head  of  Rabbit  Creek,  about  9 
miles  east  of  Pocatello,  and  has  been 
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worked  steadily  since  the  opening  of  the  reservation  in  1902.  Soon 
after  the  opening  the  Pocatello  Gold  and  Copper  Mining  Company 
(Limited)  was  incorporated  to  operate  the  property.  During  1904 
two  carloads  of  copper  ore  of  a  good  grade  were  shipped  to  the 
smelters.  The  development  consists  of  a  crosscut  tunnel  830  feet  long 
driven  westward,  at  the  end  of  which  is  an  upraise  opened  for  90  feet 
for  the  purpose  of  connecting  with  known  ore  bodies.  This  part  of 
the  work  was  abandoned,  however,  and  attention  was  given  to  taking 
out  the  ore  near  the  surface.  Two  tunnels  have  been  driven  near  the 
top  of  the  hill,  275  feet  and  75  feet  long.  The  ore  deposits  occur  in 
the  conglomerate  as  opened  in  the  workings  near  the  top  of  the  hill. 
The  minerals,  bornite  and  copper  glance,  associated  with  some  car- 
bonate of  copper  near  the  surface,  are  found  in  small  kidneys  and  in 
fractures  or  fissures  in  the  conglomerate.  ,  These  have  a  north-south 
trend  and  dip  about  40°  E. 

The  Fort  Hall  Mining  Company  owns  property  located  about  1^ 
miles  west  of  Portneuf  siding,  on  the  Oregon  Short  Line,  and  8  miles 
southeast  of  Pocatello.  The  development  consists  of  a  crosscut  tunnel 
driven  for  3,890  feet  to  the  east  through  several  different  formations 
of  the  sedimentary  rocks.  These  rocks  have  a  westerly  dip  at  the 
mouth,  but  at  1,200  feet  in  the  dip  is  eastward.  Near  the  end  of  this 
tunnel  a  crosscut  is  being  driven  and  the  sinking  of  a  winze  has  been 
commenced. 

Adjoining  the  Fort  Hall  property  are  claims  owned  by  the  Papoose 
Mining  Company.  The  development  consists  of  a  400-foot  tunnel 
driven  in  black  shale  toward  the  west.  This  rock  is  apparently  the 
same  formation  as  that  in  which  the  Fort  Hall  Company  terminates 
its  tunnel,  and  the  Papoose  management  expects  to  cut  the  Fort  Hall 
mineral  zone  by  extending  its  tunnel  a  few  hundred  feet  farther. 
There  are  numerous  other  prospects  in  the  district  on  which  some 
development  work  has  been  done,  especially  on  the  east  side  of  the 
ridge  south  of  Portneuf  River. 

GEOLOGY. 

The  ore  deposits  of  the  Fort  Hall  district  occur  in  conglomerates 
and  shales  of  Ordovician  age.  These  rocks  are  exposed  in  the  anti- 
clinal fold  which  forms  the  Bannock  Range  and  in  another  fold  of 
similar  character  which  occupies  the  area  between  this  range  and  the 
Portneuf  Range,  locally  known  as  the  Moonlight  region.  A  few  hun- 
dred feet  beneath  the  strata  in  which  the  ores  occur  is  an  intercalated 
mass  of  diabase,  which  probably  is  a  surface  flow  of  Ordovician  age, 
and  which  appears  to  have  been  an  important  factor  in  the  ore  de- 
position. 

In  the  Moonlight  area  the  ore  occurs  in  a  dark-colored  conglomer- 
ate, which  lies  500  to  600  feet  above  th^  shale  series  which  contains 
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the  ore  of  the  Fort  Hall  mine.  The  stresses  that  produced  sharply 
compressed  folds  in  the  shales  were  relieved  by  fracturing  and  the 
formation  of  fissures  in  the  conglomerate  in  which  the  ores  were 
deposited. 

In  the  vicinity  of  the  Fort  Hall  mine  the  ore  occurs  in  a  gray  cal- 
careous shale  which  is  No.  11  of  the  section  in  the  Fort  Hall  tunnel, 
given  below.  This  ore-bearing  zone  comprises  approximately  125 
feet  of  crumpled  and  contorted  layers  of  shale  and  thin-bedded  lime- 
stones. The  Fort  Hall  tunnel  shows  the  following  section,  the  thick- 
ness having  been  measured  along  the  tunnel  level: 

General  section  of  the  Fort  Hall  tunnel. 

Feet. 

1.  Brown  conglomerate  made  up  of  granite  and  quartz  bowlders,  rang- 

ing in  size  from  small  pebbles  to  bowlders  12  inches  in  diameter 

in  a  brown  cementing  material,  dipping  40°  W 400 

2.  Brownish-gray  quartzitic  sandstone  made  up  of  subangular  grains 

in    a    sericltic    matrix . 420 

3.  Gray  slates,  thinly  laminated  and  contorted,  the  ends  of  the  beds 

thrust  upward  against  a  white  quartz  vein,  which  marks  a  plane 
of  thrust  faulting.  Throughout  the  shales  there  are  nearly  ver- 
tical white  quartz  veins  ranging  from  1  to  3  inches  In  width.  Small 
nodules  of  chalcopyrite  and  iron  pyrite  are  disseminated  in  white 
quartz   465 

4.  Grayish-green  compact  dolomitic  shale,  composed  of  angular  quartz 

grains,   sericite,   and   aggregates   of  dolomite.    At  the  contact  of 

the  shale  and  conglomerate  the  dip  is  20°  E 325 

5.  Conglomerate,   fractured  and   brecciated.     Open   fissure,   with  much 

water  at  contact  of  conglomerate  in  lO-inch  quartz  vein 245 

6.  Quartzitic  sandstones  dipping  40°  to  54°  E 275 

7.  Brown    conglomerate    composed    of    large    quartzite   bowlders    in    a 

brown    quartzy    cementing    material.     Probably    mineralized    zone 

of  the   Moonlight   area ^  800 

8.  Varicolored  calcareous  shale 50 

9.  Fine-grained  gray  sandstone,  dipping  20°  to  40°  E 300 

10.  White   and   gray   siliceous  and   calcareous   shale  containing   quartz 

seams ^ 275 

11.  Laminated  gray  shale  and  thin-bedded  limestone  in  beds  from  1  to 

3  inches  thick.     Dip  26°  to  40°  E.     Zone  of  ore  deposition 125 

12.  Compact  gray  to  black  calcareous  shale 210 

3,890 
CHARACTER  OF  ORE. 

In  the  Moonlight  area  the  principal  minerals  occurring  in  the 
fissures  in  the  conglomerate  are  bornite  and  copper  glance,  associated 
with  carbonate  of  copper  near  the  surface.  In  the  southern  part  of 
the  district,  in  the  Fort  Hall  and  adjacent  mines,  the  most  abundant 
mineral  is  chalcopyrite,  occurring  as  veinlets  in  the  sharply  compressed 
folds.  There  is  also  some  pyrite.  A  Small  amount  of  galena  is  con- 
tained in  the  limestone  strata.     The  company  reported  that  a  general 
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sample  from  the  ore  zone  125  feet  in  width  along  the  tunnel  level  was 
tested  to  determine  the  proper  methods  of  milling  the  product.  A 
ratio  of  concentration  of  11.05  tons  of  crude  ore  to  1  of  concentrates 
gave  the  following  results:  Copper,  12.3  per  cent;  gold,  0.13  ounce 
per  ton;  silver,  4.30  ounces  per  ton;  iron,  26.4  per  cent;  silica,  16.1 
per  cent ;  and  lead,  0.8  per  cent.  The  gangue  consists  of  quartz  with 
some  calcite.  A  specimen  consisting  of  chalcopyrite  and  quartz  in 
about  equal  quantities  contained,  according  to  an  analysis  made  by 
the  Bureau  of  the  Mint,  0.05  ounce  of  gold  and  0.75  ounce  of  silver 
per  ton. 

The  copper-bearing  shale  zone  contains  innumerable,  mostly  non- 
persistent  veins  and  veinlets  filled  with  quartz,  calcite,  and  chalco- 
pyrite, with  smaller  amounts  of  pyrite.  These  veinlets  are  bent,  cor- 
rugated, and  contorted.  The  shale  itself  is  a  normal  clay  shale  with 
sericite  in  minute  flakes  and  aggregates  of  dolomite.  Next  to  the 
seams  of  quartz  and  chalcopyrite  sericite  is  developed  more  abun- 
dantly over  a  distance  of  a  few  millimeters.  The  banded  limestones 
intercalated  with  shales  contain  seams  of  metasomatically  developed 
cubes  of  pyrite  and  also  some  albite  which  has  the  appearance  of 
being  authigenetic. 

FORM  OF  THE  DEPOSITS. 

At  the  Moonlight  property,  as  stated  above,  the  bornite  and  chal- 
copyrite occur  in  small  masses  along  fractures  in  the  Ordovician 
conglomerate.  At  the  Fort  Hall  property  the  ore  body  appears  on 
the  surface  as  a  broad  belt  of  limonite-stained  rock  which  can  be 
traced  by  irregular  outcrops  for  a  considerable  distance  and  which 
contains  little  or  no  copper.  There  are  no  developments  of  note  in 
this  surface  zone,  l)ut  the  tunnel  intersects  a  bed  of  cupriferous  shale 
(No.  11  in  above  section)  approximately  800  feet  below  the  crop- 
pings  (measured  vertically)  and  in  a  position  which  indicates  that 
it  corresponds  strati <i:raphically  with  them.  Measured  alon*]:  the  dip 
this  would  indicate  a  distance  of  about  1,000  feet  from  the  outcrops 
to  the  tunnel  level.  The  thickness  of  the  ore-bearini^:  bed  would  \>e 
about  80  feet. 

From  present  knowledge  it  is  doubtful  whether  the  ore  bodies 
shown  are  of  sufficieut  value  to  warrant  the  expenditure  of  the  large 
amount  of  capital  re(|uired  for  their  extraction  and  reduction.  At 
the  Fort  Hall  and  adjacent  mines  deposition  of  minerals  of  economic 
value  has  taken  place  irregularly  through  a  zone  of  sedimentary 
strata  of  considerable  width  and  a  large  amount  of  very  low  grade 
ore  must  be  handled.  Local  conditions  affecting  the  cost  of  mining 
and  milling  operations  should  be  most  carefully  considered  in  con- 
nection with  plans  for  the  mining  of  these  ores.     Some  enrichment 
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may  possibly  have -taken  place  in  the  lower  part  of  the  zone  of  oxida- 
tion between  the  barren  eroppings  and  the  poor  ore  of  the  tunnel 
level. 

ORIGIN  OF  THE  ORES. 

Chalcopyrite  ores  low  in  gold  and  silver  occurring  in  fissured 
zones  in  sedimentary  rocks  and  not  apparently  associated  with 
igneous  rocks  are  unusual  for  the  Cordilleran  province  and  there- 
fore of  interest  in  any  study  of  the  origin  and  formations  of  ore 
deposits  in  general.  The  occurrence  of  a  flow  of  diabase  interca- 
lated in  the  sediments  within  a  comparatively  short  distance  below 
the  ore  bodies  and  the  presence  of  disseminated  copper  minerals  in 
it  suggest  the  hypothesis  that  the  diabase  is  the  original  source  from 
which  the  ore  minerals  in  the  sedimentary  strata  were  derived. 

The  amygdaloid  diabase  probably  represents  an  Ordovician  lava 
flow  from  some  deeper-seated  source.  The  succeeding  sediments 
were  laid  down  upon  it.  After  the  beginning  of  the  crustal  move- 
ments by  which  the  strata  were  elevated  and  folded  into  the  present 
mountain  ranges,  the  ores  may  have  been  leached  from  this  diabase 
and  deposited  higher  up  by  ascending  more  or  less  heated  surface 
waters.  Where  the  circulation  of  these  waters  through  the-  inter- 
stices or  along  the  planes  of  stratification  or  plication  in  the  shales 
was  arrested  a  deposition  of  minerals  held  in  solution  took  place. 
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MINERAL  RESOURCES  OF  NORTHEASTERN  OKLAHOMA. 


By    C.    E.    SlEBENTHAL. 


INTRODUCTION. 

The  field  reconnaissance  on  which  this  report  is  based  was  made 
during  June  and  July,  1907,  occupying  in  all  about  six  weeks.  The 
itinerary  comprised  two  excursions — the  first  from  Miami  to  Cho- 
teau,  Claremore,  Chelsea,  Coodys  Bluff,  Centralia,  and  Chetopa;  the 
second  from  Bluejacket  to  Coffeyville,  Tulsa,  Catoosa,  Broken  Arrow, 
Mounds,  Haskell,  Morris,  Muskogee,  Tahlequah,  Choteau,  Vinita,  and 
Miami.  The  object  of  the  reconnaissance  was  to  determine  the  mutual 
relations  of  the  Pennsylvanian  formations  of  the  Wyandotte,  Inde- 
pendence, and  Muskogee  quadrangles.  Incidentally,  considerable  ma- 
terial bearing  on  the  stratigraphic  and  economic  geology  of  the  area 
was  accumulated.  This  material  is  brought  together  here  and  sum- 
marized with  all  available  data  from  other  sources,  in  order  to  satisfy 
as  best  it  may,  until  detailed  surveys  are  made,  the  demand  for  infor- 
mation concerning  this  part  of  the  new  State. 

GEOGRAPHY. 

The  area  covered  by  the  accompanying  map  (PL  II)  is  83  miles 
broad  from  east  to  west  and  104  miles  in  length  from  north  to  south. 
It  includes  the  northeastern  portion  of  the  Creek  Nation,  practically 
the  whole  of  the  Cherokee  Nation,  and  all  of  the  seven  small  reserva- 
tions in  northeastern  Oklahoma,  viz,  the  Seneca,  Wyandotte,  Ottawa, 
Shawnee,  Modoc,  Peoria,  and  Quapaw. 

The  topographic  maps  of  the  Five  Tribes  Survey  were  available 
for  the  region  and,  though  somewhat  out  of  date  as  regards  culture, 
were  adequate  for  the  purposes  of  the  reconnaissance.  The  region  is 
embraced  in  nine  30-minute  quadrangles — the  Wyandotte,  Vinita, 
Nowata,  Claremore,  Pryor,  Siloam  Springs,  Tahlequah,  Muskogee, 
and  Okmulgee — also  including  a  portion  of  the  Nuyaka  quadrangle. 
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The  Wyandotte  quadrangle  has  been  recently  surveyed  topographic- 
ally and  geologically,  and  the  report  is  now  in  course  of  preparation, 
a  summary  of  the  principal  geologic  features  being  incorporated 
herein.  The  Siloam  Springs  quadrangle  was  touched 'by  this  recon- 
naissance on  the  northwest  and  southwest  corners  only.  The  geology 
of  the  Tahlequah  and  Muskogee  quadrangles  is  described  in  detail  in 
the  geologic  folios  on  those  areas  by  Joseph  A.  Taff,  and  has  been 
summarized  on  the  accompanying  map  for  the  purpose  of  showing  the 
relation  of  the  geologic  structure  in  that  section  to  the  structure  in 
the  northeastern  portion  of  the  region. 

In  addition  to  this  detailed  geologic  mapping,  there  have  been 
several  previous  reconnaissances.  Drake  *  in  1897  published  a  paper 
dealing  particularly  with  the  coal  fields  of  Indian  Territory,  but 
embodying  a  map  and  a  general  description  of  the  geology.  Adams  * 
in  1901  gave  a  preliminary  account  of  the  geology  and  development 
of  the  Kansas-Oklahoma  oil  and  gas  field,  with  an  accompanying 
geologic  map  of  the  area.  The  same  author*'  in  1903  correlated 
and  described  various  limestone  beds  in  the  Cherokee  and  Osa,ge 
nations  and  delineated  their  outcrop  on  a  map.  TafT*^  in  1905  de- 
scribed the  coal  measures  of  the  Indian  Territory  and  gave  two  maps, 
one  covering  approximately  the  area  shown  on  the  map  accompany- 
ing this  report;  the  other  covering  the  area  adjoining  it  on  the  soutiii, 
showing  the  main  coal  fields  of  the  State  and  based  in  large  part  on 
the  detailed  folio  mapping  of  those  fields.  Taff  and  Shaler '^  in  1905 
gave  a  brief  description  of  a  small  oil  field  near  Muskogee,  with  an 
account  of  the  geologic  column  and  the  general  structure. 

The  map  accompanying  the  present  report  contains  considerably 
more  detail  than  others  which  have  preceded  it  covering  the  same  ter- 
ritory, and  is  designed  to  supplant  them.  In  studying  the  distribu- 
tion of  the  geologic  formations  or  the  structure  of  the  west  border  o£ 
the  Ozark  uplift,  it  will  be  found  helpful  to  use  this  map  in  connec- 
tion with  PL  I  of  Bulletin  No.  260,  both  having  the  same  scale  anJL 
joining  along  the  parallel  of  35°  30'. 

STRATIGRAPHY. 

ORDOVICIAN  ROCKS. 

The  Ordovician  rocks  outcrop  only  in  the  valleys  of  the  large  "^ 
streams  that  dissect  this  part  of  the  Ozark  uplift,  and  in  general  onl^^^ 
where  local  elevations  bring  them  within  reach  of  the  drainage.  I  '^^ 
the  Tahlequah  quadrangle  they  are  exposed  in  the  valleys  of  Barre  ^' 
Fork  and  Illinois  River.     They  are  there  made  up  of  the  Burge^^ 

«  Drake.  N.  F..  Proc.  Am.  Phil.  Soc,  vol.  30,  1807,  pp.  226-419. 

''Adams,  G.   I.,  Bull.  U.  S.  Geol.  Survey  No.  184,   1901,  pp.  5-28. 

'■Bull.  T'.  S.  (ieol.  Survey  No.  211.  1903.  pp.  61-05. 

''Taflf,  J.  A.,  Bull.  U.  S.  Geol.  Survey  No.  260,  1905,  pp.  382-401. 

'  Taff,  J.  A.,  and  Shaler,  M.  K.,  Bull.  U.  S.  Geol.  Survey  No.  260,  1905,  pp.  441-445. 
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sandstone,  100  feet  thick,  overlain  by  the  Tyner  formation,  which 
consists  of  shale  with  subordinate  limestone  and  sandstone,  the  whole 
60  to  100  feet  in  thickness.  What  is  presumably  the  Tyner  formation 
is  exposed  in  the  bottom  of  Spring  Creek  10  miles  above  the  mouth. 
In  the  vicinity  of  Spavinaw  dolomites  and  fossiliferous  cherts  are 
exposed  in  an  area  about  a  mile  long,  which  has  been  described  by 
Drake.**  According  to  Ulrich  the  fossils  show  the  age  of  these  rocks 
to  be  the  same  as  that  of  the  Jefferson  City  formation.  The  Ordovi- 
cian  sediments  at  this  locality  are  intruded  by  a  dike  of  reddish 
granitic  rock,  75  feet  or  more  in  width,  and  probably  1,800  feet  in 
length.  Drake  reports  also  an  exposure  of  Ordovician  rocks  on 
Illinois  Kiver  extending  downstream  from  the  Arkansas  line  for  a 
distance  of  about  12  miles.  He  states  that  the  thickness  exposed  here, 
as  at  Spavinaw,  is  about  200  feet.  Similar  dolomites  and  magnesian 
limestones  with  oolitic  opalescent  chert  lenses  outcrop  in  the  Wyan- 
dotte quadrangle  in  the  bluff  of  Neosho  River,^  4  miles  above  the 
mouth  of  Cowskin  River.  From  10  to  13  feet  of  the  formation  is 
shown  above  low  water.  Where  the  Horse  Creek  anticline  crosses 
Buffalo  Creek,  3  miles  above  Tiff  City,  it  brings  to  the  surface  26 
feet  of  the  Ordovician  rocks,  consisting  of  dolomite  with  a  little 
chert,  in  some  places  oolitic.  Both  the  Neosho  River  and  Buffalo 
Creek  exposures  are  nonfossiliferous. 

SILURIAN  ROCKS. 

The  only  rocks  of  Silurian  age  in  the  area  here  discussed  are  found 
in  the  southern  part  of  the  Tahlequah  quadrangle,  and  have  been 
described  by  Taff  in  the  Tahlequah  folio  as  the  St.  Clair  marble. 

DEVONIAN  ROCKS. 

The  Chattanooga  shale  is  exposed  in  almost  all  the  deeper  stream 
valleys  between  Tahlequah  and  Cowskin  River.  In  the  east  bluff 
of  Neosho  River,  3  miles  above  the  mouth  of  Cowskin  River,  the 
thickness  is  26  feet ;  on  Buffalo  Creek  it  is  20  feet,  at  Southwest  City 
50  feet,  at  the  mouth  of  Honey  Creek  83  feet,  and  at  Spavinaw  90 
feet.  On  Spring  Creek  25  feet,  not  the  full  thickness,  was  noted. 
Taff  reports  the  thickness  in  the  northern  part  of  the  Tahlequah 
quadrangle  as  40  feet,  and  in  the  southern  part  as  20  feet. 

The  Sylamore  sandstone  member,  which  reaches  a  thickness  of  20 
to  30  feet  in  the  Tahlequah  quadrangle,  does  not  appear  in  the 
Spavinaw  region.  On  Buffalo  Creek  a  thin  bed  of  sandstone  with 
a  maximum  thickness  of  4  inches  intervenes  between  the  Ordovician 
rocks  and  the  Chattanooga  shale,  and  is  tentatively  referred  to  the 
Sylamore  member. 

•  Proc.  Am.  Phil.  Soc,  vol.  36,  1897,  p.  343. 

^  This  river  is  mapped  as  the  Neosho  in  accordance  with  a  decision  of  the  United  States 
Geographic  Board,     The  portion  l^elow  Spring  River  \b  knpwn  locally  as  Gran<l  River, 
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CARBONIFEROUS  ROCKS. 
MISSISSIPPI  AN  SERIES. 

The  Boone  formation  is  made  up  of  an  alternating  series  of  lime- 
stones and  cherts,  approximately  300  to  350  feet  in  thickness  where 
fully  developed.  It  forms  the  surface  rock  over  by  far  the  largest  part 
of  the  area  of  Mississippian  rocks.  At  the  base  of  the  formation  there 
is  always  present  a  limestone  member,  consisting  at  the  top  of  a  heavy 
ledge  of  coarsely  crystalline  encrinital  limestone,  or  marble,  which  is 
usually  10  to  15  feet  in  thickness.  This  bed  is  separated  by  several 
feet  of  shaly  limestone  from  a  lower  ledge  of  flaggy  limestone,  locally 
rather  cherty  and  in  many  places  irregularly  bedded,  which  lies  upon 
the  Chattanooga  shale.  The  upper  ledge  usually  outcrops  as  a  smooth, 
wall-like  bluff,  from  which  large  blocks,  the  full  thickness  of  the 
ledge,  break  away.  It  has  been  correlated  with  the  St.  Joe  limestone 
member  in  the  Tahlequah  and  Fayetteville  folios.  This  limestone  is 
normally  overlain  by  a  series  of  dark  limestones  and  cherts  from  50  to 
80  feet  thick.  Above  these,  to  the  top  of  the  formation,  are  lighter 
colored  cherts  and  limestones,  with  one  or  more  massive  ledges  of 
limestone  10  to  20  feet  in  thickness.  The  Short  Creek  oolite  member, 
noted  in  the  Joplin  district,  is  found  in  the  east  half  of  the  Wyan- 
dotte quadrangle  wherever  its  horizon  is  exposed,  though  west  of 
Spring  and  Neosho  rivers  it  usually  pinches  out  or  loses  its  oolitic 
character. 

The  Chester  group  outcrops  in  a  strip  several  miles  wide  inside  the 
border  of  the  Mississippian  area.  In  the  southern  part  the  Fayette- 
ville formation  and  the  Wedington  member  are  represented,  but.  in 
the  AVyandotte  quadrangle  the  group  comprises  the  Batesville,  Fay- 
etteville (with  its  AVedington  member),  and  Pitkin  formations. 
These  are  persistent  formations  northward  almost  to  the  Kansas  line, 
but  in  the  area  which  has  been  subject  to  underground  solution  they 
occur  chiefly  in  patches  occupying  solution  depressions  or  ancient 
sink  holes. 

PEN  N  S  YLVA  N 1 A  N    SKKI ES. 

Correlation  of  the  Cherokee  jormation, — The  Cherokee  formation 
as  defined  by  the  Kansas  geologists,  includes  all  the  various  shales 
and  sandstones  in  southeastern  Kansas  which  lie  between  the  base 
of  the  Pennsylvanian  and  the  Fort  Scott  limestone.  This  limestone, 
as  will  be  noted  on  the  map,  has  been  traced  from  a  point  near 
Chetopa,  Kans.,  to  and  beyond  Arkansas  River.  Here,  in  Concharty 
Mountain,  the  limestone  is  overlain  by  a  bed  of  sandstone,  the  cap 
rock  of  the  mountain,  and  underlain  by  a  bed  of  coal.  The  sandstone 
strikes  off  southwestward,  extending  nearly  to  Baldhill.  The  Hen- 
ryetta  coal  sets  in  a  few  miles  south  of  Baldhill,  in  the  same  line  of 
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strike,  and  is  probably  the  equivalent  of  the  coal  below  the  Fort 
Scott  that  is  mined  at  Evans,  Catoosa,  and  many  other  points  to  the 
northeast.  The  Henryetta  coal  has  been  traced  by  Taff  and  Shaler 
for  many  miles  to  the  southwest,  outcropping  beneath  a  prominent 
escarpment  of  sandstone,  apparently  the  equivalent  of  the  Calvin 
sandstone  of  the  Coalgate  quadrangle.  Beneath  the  Calvin  sand- 
stone the  following  formations,  with  the  thickness  indicated,  out- 
crop successively  toward  the  east  along  the  parallel  of  35° :  Senora 
sandstone,  500  feet;  Stuart  shale,  275  feet;  Thurman  sandstone, 
250  feet;  Boggy  formation,  1,200-2,000  feet;  Savanna  sand- 
stone, 1,150  feet;  and  McAlester  shale,  2,000  feet.  Beneath  the 
McAlester,  in  the  Atoka  quadrangle  to  the  south,  lie  the  Hartshorne 
sandstone,  200  feet  thick,  and  the  Atoka,  3,000  feet.  This  9,000-|- 
feet  of  Pennsylvanian  shales  and  sandstones  is  represented  at  the 
Kansas  line  by  a  thickness  of  but  500  feet  of  Cherokee.  There  is  a 
pronounced  thinning  of  these  formations  both  northward  and  south- 
westward  from  the  vicinity  of  Canadian  River,  where  there  was 
apparently  a  basin  in  which  the  deposits  were  much  heavier  than  else- 
where. As  described  by  Taff  the  formations  from  the  McAlester 
to  the  Senora  inclusive  decrease  in  thickness  50  per  cent  in  passing 
from  east  to  west  across  the  Coalgate  quadrangle.  To  the  north 
a  similar  thinning  takes  place,  but  in  addition  there  has  been  a  warp- 
ing of  the  west  end  of  the  Ozark  dome,  which  resulted  in  the  trans- 
gression and  overlap  of  the  later  formations  upon  the  older  ones. 
This  is  shown  by  the  pinching  out  of  the  Savanna  formation  just 
south  of  the  area  shown  on  the  accompanying  map  (see  Bulletin  No. 
260,  PI.  I,  p.  382)  and  by  the  discordance  of  the  strike  of  the  Boggy 
formation  with  that  of  the  Fort  Scott  limestone  and  overlying  forma- 
tions. The  base  of  the  Boggy  formation,  traced  northwestward, 
strikes  Arkansas  River  6  or  7  miles  below  Haskell.  On  the  north 
side  of  the  river  the  topography  is  gentle  and  the  stratigraphy  is 
partly  concealed  by  heavy  deposits  of  silt  and  sand  that  have  been 
blown  up  from  the  Arkansas  bottoms  in  the  dry  season  by  the  pre- 
vailing southwest  winds.  As  well  as  may  be  judged,  however,  the 
strike  swings  to  the  northeast  in  alignment  with  the  strike  of  the 
overlying  formations.  This  would  locate  the  beginning  of  the  warp- 
ing of  the  uplift  in  the  period  between  the  Winslow  and  the  Boggy 
and  would  account  for  the  cutting  out  of  the  outcrop  of  the  Savanna 
formation.  The  continuation  of  the  sandstone  and  the  shales  of  the 
Winslow  beneath  the  overlapping  formations  would  naturally  be 
sought  in  the  line  of  strike  of  the  present  outcrop  of  those  rocks. 
Because  of  the  probable  curvature  of  the  shore  line  of  the  uplift,  the 
buried  extension  of  the  Winslow  should  be  expected  somewhere 
between  Chelsea,  Nowata,  and  Coffeyville,  Kans.  In  this  connec- 
tion there  arises  an  interesting  speculation  as  to  the  relation  of  these 
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buried  Winslow  sandstones  to  the  oil  sands  of  the  Alluwe-Coodys 
Bluff  field,  which  will  be  considered  elsewhere,  in  the  discussion  of 
the  oil  fields. 

The  Cherokee  formation  is  thus  apparently  the  equivalent  of  the 
various  formations  from  the  Boggy  to  the  Senora  inclusive,  though 
it  may  be  that  the  upper  formations  overlap  a  portion  of  the  Boggy, 
and  that  the  Cherokee  represents  only  the  upper  portion  of  the  Boggy 
together  with  the  overlying  formations.  The  question  can  be  settled 
only  by  detailed  work  in  the  region  involved. 

Fort  Scott  limestone, — ^The  distribution  of  the  Fort  Scott  limestone 
has  been  considered  to  some  extent  in  the  preceding  discussion.  In 
the  Kansa-s  reports  it  was  at  first  called  the  Oswego  limestone  and  it 
is  known  by  that  name  to  most  drillers  in  the  Midcontment  field. 
In  the  type  locality,  at  Fort  Scott,  Kans.,  it  consists  of  two  beds  of 
limestone  separated  by  7  feet  of  very  dark  shale.  The  upper  lime- 
stone is  from  10  to  14  feet  thick,  and  the  lower  one,  which  is  the  rock 
used  for  hydraulic  cement,  is  4J  feet  thick.  Below  the  lower  lime- 
stone there  is  black  shale  for  a  few  feet,  underlain  by  a  bed  of  coal, 
18  to  22  inches  thick.  This  bed  has  been  mined  considerably  in  the 
vicinity  of  Fort  Scott  and  in  the  Kansas  reports  is  called  the  Fort 
Scott  coal.  Though  in  reality  classed  in  the  Cherokee  formation,  it 
has  been  at  times  more  or  less  loosely  included  with  the  Fort  Scott. 
As  shown  in  the  section  on  coal  (p.  215),  the  bed  which  is  extensively 
stripped  east  of  Centralia  lies  between  two  limestones  of  the  Fort 
Scott  formation.  Toward  the  north,  however,  the  lower  of  the  two 
limestones  disappears,  leaving  the  coal  beneath  all  the  limestone,  and 
tlins  in  the  same  position  as  the  Fort  Scott  coal.  This  indicates  a 
possibility  that  the  dark  shale  and  the  coal  beneath  the  Fort  Scott 
formation  should,  in  reality,  be  included  in  that  formation. 

In  the  vicinity  of  Coodys  Bluff  the  Fort  Scott  is  about  115  feet 
thick  and  consists  of  four  limestone  beds  separated  by  shale.  The 
limestone  beds,  from  the  top  down,  are  respectively  10,  40,  10,  and 
8  feet  thick  and  the  intervening  shales  5,  10,  and  35  feet  thick.  At 
Sageeyah,  as  shown  by  the  drill,  a  bed  of  coal  comes  in  between  the 
two  limestones  which  make  up  the  formation  and  outcrops  in  the 
escarpment  to  the  east.  At  Catoosa,  according  to  the  drill  record,  the 
formation  has  a  thickness  of  154  feet,  comprising  six  beds  of  lime- 
stone with  intervening  layers  of  shale  and  two  beds  of  coal.  To  the 
south  some  of  the  beds  of  limestone  disappear,  and  the  intervening 
shales  become  sandy  or  give  place  to  sandsone.  A  drill  log  shows 
that  near  Broken  Arrow  the  formation  has  a  thickness  of  130  feet 
and  contains  two  thin  beds  of  limestone,  one  at  the  top  and  the  other 
at  the  bottom.  A  thin  bed  of  coal  occurs  just  below  the  upper  lime- 
stone and  another  one  just  below  the  lower  limestone.  The  lower 
coal  is  taken  to  be  the  coal  mined  at  Evans,  4  miles  east  of  Broken 
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Arrow.  The  sandstone  in  the  middle  of  the  formation  becomes  more 
prominent  south  of  Arkansas  River,  and  forms  the  cap  rock  of  Con- 
charty  Mountain,  in  the  northern  and  eastern  bluffs  of  which  the 
lower  limestone  is  exposed,  underlain  by  coal.  The  extension  of  the 
formation  beyond  Concharty  Mountain  has  already  been  considered. 

Labette  shale, — At  the  Kansas-Oklahoma  line,  according  to  the 
Kansas  geologists,  the  Pawnee  limestone  is  separated  from  the  Fort 
Scott  limestone  by  the  Labette  shale,  which  there  has  a  thickness  of 
only  a  few  feet,  though  farther  north  in  Kansas  it  is  60  feet  thick,  and 
to  the  south  it  increases  to  more  than  200  feet.  In  the  vicinity  of 
Coodys  Bluff  and  farther  south  a  bed  of  massive  fine-grained  buff 
sandstone  15  to  50  feet  thick  is  included  in  the  upper  portion  of  the 
shale. 

Pawnee  limestone. — The  Pawnee  limestone,  generally  known  as  the 
"  big  lime  "  by  drillers,  is  the  lower  member  of  the  formation  which 
has  been  called  the  Oologah  limestone.  Its  thickness  ranges  from 
25  to  45  or  50  feet  on  the  outcrop,  but  is  reported  to  reach  80  to  100 
feet  in  drill  holes,  possibly  owing  to  confusion  with  some  overlying  or 
underlying  bed  of  limestone.  In  many  places  it  splits  up  into  two 
or  more  beds  separated  by  shale  members,  as  exemplified  in  the  sec- 
tion of  the  bluff  east  of  Nowata,  given  on  page  221,  in  the  discussion 
of  cement  materials.  Considerable  white  to  light-buff  spongy  chert 
is  included  in  the  upper  part  of  the  limestone  and  forms  a  residual 
mantle  over  the  surface.  This  part  of  the  formation  is  especially  apt 
to  be  massive  and  to  form  a  perpendicular  cliff  from  which  large 
rectangular  blocks  from  10  to  25  feet  in  dimensions  break  off.  The 
Pawnee  makes  a  prominent  escarpment  along  the  west  bluff  of  Big 
Creek  and  Verdigris  River  from  the  Kansas  line  to  Catoosa  and  caps 
the  high  ridge  from  that  point  to  Broken  Arrow,  beyond  which  it 
becomes  thinner  and  difficult  to  trace. 

Bandera  shale, — The  Pawnee  limestone  is  separated  from  the  Par- 
sons formation  above  by  a  bed  of  shale,  known  as  the  Bandera  forma- 
tion in  Kansas  and  there  ranging  from  50  to  more  than  140  feet  in 
thickness.  Near  Coffeyville,  Kans.,  it  is  shown  by  drill  records  to 
be  135  feet  thick,  and  at  Wimer,  Okla.,  its  thickness  must  be  more 
than  100  feet.  South  westward  it  thins  rapidly,  and  in  the  vicinity 
of  Delaware,  Nowata,  Oologah,  and  Collinsville  is  but  10  or  20  feet 
thick.  As  well  as  can  be  made  out  from  the  available  drill  records, 
the  shale  disappears  altogether  in  the  vicinity  of  Owasso,  and  is  ab- 
sent from  that  place  westward,  allowing  the  lower  limestone  of  the 
Parsons  to  rest  directly  upon  the  Pawnee.  Between  Tulsa  and 
Catoosa,  however,  the  shale  thickens  up  and  the  two  limestones  are 
again  separated  by  an  interval  of  100  feet.  To  the  southwest  the  in- 
terval is  as  great  or  greater,  though  the  correlation  in  that  direction 
is  not  very  satisfactory. 
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Parsons  formation, — The  Parsons  formation  is  made  up  of  two 
limestone  beds  separated  by  a  shale  member. 

Drake  proposed  the  name  Oologah  for  the  limestone  outcropping 
in  the  vicinity  of  the  town  of  that  name.  Adams  '^  quoted  Bennett  as 
recognizing  that  there  are  two  limestones  at  Oologah,  the  upper  one 
of  which  he  determined  to  be  the  equivalent  of  the  lower  limestone 
of  the  Parsons.  The  lower  Oologah  limestone,  as  already  shown,  is 
to  be  correlated  with  the  Pawnee  limestone. 

The  lower  limestone  of  the  Parsons  has  a  thickness  of  15  to  30  feet. 
It  is  a  bluish,  fine-grained  crystalline  limestone  with  considerable 
chert  which  weathers  out  and  mantles  the  surface.  South  of  the 
Kansas  line  this  limestone  caps  the  escarpment  parallel  to  the  outcrop 
of  the  Pawnee  limestone  along  Big  Creek  and  from  2  to  3  miles  west 
of  it.  It  crops  out  at  the  base  of  the  hills  on  the  east  side  of  Verdi- 
gris River  from  Coffeyville  to  a  point  opposite  Lenapah,  where  it 
crosses  the  river  and  gradually  rises  in  the  west  bluffs  until,  in  the 
vicinity  of  Nowata,  it  covers  the  tops  of  the  hills  of  which  the 
Pawnee  forms  the  east  escarpment.  This  relative  position  persists 
through  Talala  and  Oologah  to  the  vicinity  of  Owasso.  South  of 
Owasso  the  limestone  spreads  out  along  the  valley  of  Mingo  Creek  to 
a  point  west  of  Broken  Arrow,  where  it  becomes  inconspicuous. 
South  of  Arkansas  River  the  lower  limestone  of  the  Parsons  seems  to 
be  represented  by  the  thin  bed  of  calcareous  claystone  with  lumps  of 
blue  limestone,  weathering  yellow,  which  crops  out  in  the  ridge  1\ 
miles  west  of  Bixby  and  becomes  more  prominent  in  the  vicinity  of 
Duck  Creek,  5  miles  southwest  of  Bixby. 

The  middle  member  of  the  Parsons  formation  is  a  sandy  shale 
55  feet  in  thickness  at  the  State  line  southeast  of  Coffeyville.  It 
thickens  to  130  feet  at  Nowata,  and  continues  to  increase  in  thick- 
ness to  the  south.  AVest  of  Watova  the  Dawson  coal  sets  in  100 
feet  below  the  upper  limestone,  and,  as  shown  on  the  map,  is  traced  to 
and  beyond  Mounds.  In  a  drill  hole  6  miles  west  of  Broken  Arrow 
the  shale  has  a  thickness  below  the  coal  of  approximately  500  feet. 

The  upper  limestone  of  the  Parsons  in  Oklahoma  has  a  thickness  of 
15  to  20  feet,  and  is  a  bluish,  densely  crystalline,  clinky  limestone 
with  light  blotches,  which  weather  out  as  opaque  white  cherty  lumps, 
in  places  thickly  distributed  through  the  residual  clay.  The  forma- 
tion is  typically  exposed  in  the  quarry  at  the  rock  crusher  2  miles 
north  of  Lenapah.  Farther  south  it  has  a  broad  outcrop  east  of  the 
railway,  extending  to  Delaware,  beyond  which  it  forms  a  low  escarp- 
ment on  the  west  side  of  the  railway.  At  Nowata,  where  the  member 
is  20  feet  in  thickness,  the  lower  part  consists  of  earthy  encrinital 
limestone,  the  middle  part  is  shaly,  and  the  upper  part  is  earthy  lime- 
stone weathering  into  pebbly  lumps.    A  thin  limestone  representing 

«  Adams,  G.  I.,  Bull.  U.  S.  Geol.  Survey  No.  211,  1903,  p.  62. 
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this  member  caps  the  hill  2  miles  northwest  of  Watova.  Beyond  this 
point  no  more  is  seen  of  the  limestone  until  the  vicinity  of  Tulsa  is 
reached.  Southwest  of  Tulsa,  according  to  Taff,<»  limestone  which 
weathers  yellow  lies  about  100  feet  above  the  Dawson  coal  in  the  vi- 
cinity of  Mounds  and  elsewhere,  as  shown  on  the  accompanying  map. 
This  bed,  in  all  probability,  is  a  continuation  of  the  upper  Parsons 
limestone. 

Drum  limestone, — The  Drum  limestone  outcrops  with  a  thickness 
of  22  feet  on  the  point  of  the  ridge  at  the  State  line  3  miles  southwest 
of  Coffeyville,  Kans.,  and  extends  westward  adjacent  to  the  State 
line  for  about  4  miles,  to  a  point  where  it  thins  out  and  disappears. 
It  does  not  outcrop  at  a  corresponding  elevation  on  the  south  side  of 
Opossum  Creek  and  was  not  identified  elsewhere.  Limestone  outcrops 
in  the  valley  of  Opossum  Creek  on  the  headwater  streams  of  Hickory 
and  California  creeks,  but  it  is  believed  to  belong  to  the  Coffeyville 
formation,  which  lies  between  the  Drum  and  the  Parsons  and,  though 
in  the  main  a  sandstone  and  shale  formation,  carries  some  lentils  of 
limestone. 

Wilson  formation. — The  Wilson  formation  consists  of  the  sand- 
stones and  shales  which  make*  up  most  of  the  western  part  of  the  broad 
ridge  between  Verdigris  and  Caney  rivers.  The  crest  of  the  ridge 
is  formed  by  a  bed  of  sandstone  that  appears  as  a  fairly  conspicuous 
escarpment  from  the  Kansas  line  to  the  point  where  it  crosses 
Arkansas  River,  7  or  8  miles  above  Tulsa.  This  outcrop  is  outlined 
on  the  map  (PI.  II)  because  it  is  easily  traced  and  not  because  it 
marks  the  eastern  limit  of  the  formation,  as  do  the  other  boundary 
lines  here  shown.  The  sandstone  which  forms  the  prominent  escarp- 
ment west  of  Mounds  and  stretches  away  to  the  southwest  occupies 
an  analogous  position  above  the  Dawson  coal  and  the  upper  limestone 
of  the  Parsons  and  apparently  belongs  to  the  Wilson  formation, 
though  possibly  it  should  be  correlated  with  some  of  the  sandy  mem- 
bers of  the  Coffeyville  formation. 

The  Piqua  limestone  is  the  uppermost  member  of  the  Wilson 
formation.  It  outcrops  at  the  base  of  several  outliers  of  the  Buxton 
formation  on  the  Kansas  line,  due  north  of  Wann,  and  also  3  miles 
northwest  of  that  place.  It  is  reported  to  be  only  1  or  2  feet  in  thick- 
ness at  the  State  line,  but  apparently  thickens  toward  the  south. 
As  pointed  out  elsewhere,  it  is  believed  to  be  the  limestone  in  use  at 
the  Portland  cement  plant  at  Dewey. 

Buxton  formation, — The  Buxton  is  a  shale  and  sandstone  forma- 
tion which  occurs  in  the  outliers  above  mentioned  and  forms  the 
prominent  sandstone  escarpment  that  closely  parallels  the  meridian 
of  96°  from  the  Kansas  line  southward  to  the  vicinity  of  Eamona 
and  veers  west  of  south  from  that  locality  to  Arkansas  River. 

•  Taff,  J.  A.,  Bull.  U.  S.  Geol.  Survey  No.  260,  1903,  p.  396. 


196         CONTRIBUTIONS  TO  ECONOMIC  GEOLOGY,  1907,  PART  I. 

STRUCTURE. 
THE  OZARK  UPLIFT. 

The  area  under  consideration  embraces  the  extreme  southwestern 
prolongation  of  the  Ozark  dome.  Along  the  southern  limit  of  the 
area  of  Mississippian  rocks,  as  shown  on  ,the  map,  the  gentle  south- 
westward  dip  of  the  attenuated  uplift  changes  to  a  more  pronounced 
dip  to  the  southeast  and  south,  and  shows  here  and  there  the  charac- 
teristics of  a  definite  monoclinal  fold.  This  feature  is  strengthened 
toward  the  east,  in  Arkansas,  and,  together  with  parallel  faults 
having  a  southward  downthrow,  serves  to  limit  the  plateau  of  the 
Boston  Mountains  on  the  south,  as  pointed  out  by  Newsom." 

WARPING. 

As  has  been  remarked  in  the  section  on  the  correlation  of  the 
Cherokee  formation,  the  discordance  of  strike  of  the  Winslow,  Sa- 
vanna, and  Boggy  with  the  Fort  Scott  and  overlying  formations 
shows  a  warping  of  the  west  end  of  the  Ozark  uplift  somewhere  in 
the  period  between  the  close  of  the  Winslow  deposition  and  the  early 
part  of  the  Cherokee.  The  southern  portion  was  elevated,  crowding 
the  shore  line  far  to  the  southwest,  while  the  northern  portion  was 
depressed,  allowing  the  sea  to  advance  to  the  east.  The  northeast- 
southwest  orientation  of  the  shore  line  was  well  established  early  in 
Cherokee  time,  and  this  relative  attitude  was  maintained  through 
the  remainder  of  the  Pennsylvanian,  the  various  formations  of  this 
age  outcropping  in  this  region  in  lines  parallel  to  the  Fort  Scott 
limestone,  with  gentle  northwesterly  dips  ranging  from  30  feet  per 
mile  in  the  northern  portion  of  the  area  to  50  feet  in  the  southern 
portion. 

FOLDING  AND  FAULTING. 

The  folds  and  faults  of  the  area  are  so  closely  related  that  their 
joint  discussion  seems  preferable. 

The  axis  of  that  part  of  the  Ozark  uplift  included  in  Oklahoma 
trends  from  northeast  to  southwest,  and  the  margin  of  the  uplift  is 
serrated  by  an  interesting  system  of  parallel  normal  faults,  which 
Tatf  has  described  in  the  Tahlequah  and  Muskogee  folios.  These 
faults  trend  parallel  to  the  axis  of  the  uplift,  and  at  either  end 
usually  develop  into  monoclines  or  asymmetric  anticlines  and  grad- 
ually die  out.  An  inspection  of  the  map  will  show  the  close  relation 
of  the  minor  drainage  to  the  faults.  Northwest  of  Tahlequah  the 
parallelism  of  the  faults  is  not  so  pronounced  and  the  system  is 
somewhat  complicated  by  intersecting  cross  faults.    These  faults  are 


*  Newsom,  J.  F.,  Am.  Geologist,  vol.  20,  July,  1897. 
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of  post-Winslow  age,  but  no  relation  to  later  formations  can  be 
established. 

Extending  southward  from  Locust  Grove  is  a  prominent  fault 
with  the  downthrow  to  the  west,  which  brings  the  Chester  down  to 
a  level  100  to  150  feet  lower  than  the  top  of  the  Boone  chert  hills 
immediately  east. 

The  next  prominent  structural  feature  toward  the  north  is  the  Sen- 
eca fault,  which  extends  from  a  point  midway  between  Choteau  and 
Pryor  Creek  to  a  point  several  miles  northeast  of  Spurgeon,  beyond 
the  limits  of  the  area  shown  on  the  accompanying  map,  having  an 
almost  due  northeast  course  parallel  to  the  main  axis  of  the  uplift, 
and  roughly  parallel  to  its  northwest  margin.  This  fault  is  double 
and  in  places  multiple,  letting  down  a  long,  narrow  block  of  Boone, 
Chester,  and  overlying  rocks  into  the  Boone  formation.  In  addi- 
tion to  the  downthrown  block,  the  strata  for  some  distance,  in  places 
for  a  mile  or  two  on  either  side,  dip  toward  the  fault.  This  com- 
bination has  had  a  strong  influence  on  the  drainage,  as  may  be  seen 
from  the  map.  From  Seneca  toward  the  northeast  the  fault  closely 
follows  the  valley  of  Lost  Creek.  South  of  Seneca  it  crosses  the 
divide  to  Sycamore  Creek  and  follows  down  that  valley  to  Neosho 
River.  From  the  mouth  of  Sycamore  Creek  the  fault  cuts  across  the 
various  meanders  of  Neosho  Eiver  to  a  point  just  above  the  mouth 
of  Spavinaw  Creek.  Southwest  of  this  point  it  traverses  the  flat 
upland  to  and  beyond  Pryor  Creek.  Near  the  Neosho,  where  the 
rocks  on  either  side  are  the  cherty  limestones  of  the  Boone  forma- 
tion, it  is  easy  to  trace  the  down-dropped  strip  of  Chester  consist- 
ing of  limestone  and  sandstone.  Farther  to  the  southwest,  where 
the  Chester  formations  become  the  prevailing  surface  rocks,  the  fault 
is  difficult  to  follow.  In  the  Pennsylvanian  area  it  is  quite  impossi- 
ble to  trace  the  fault,  but  whether  this  is  due  to  its  absence,  to  the 
uniformity  of  the  rocks,  or  to  the  concealment  of  the  faulted  Wins- 
low  by  the  overlapping  Cherokee  was  not  determined.  If  the  last 
explanation  is  correct,  as  is  quite  likely,  the  fault  is  post-Winslow 
and  pre-Cherokee  and  probably  of  the  same  age  as  the  parallel 
faults  of  the  Tahlequah-Muskogee  region  and  as  the  warping  to 
which  all  the  faults  are  with  little  doubt  genetically  related.  Owing 
to  the  fact  that  the  amount  of  throw  is  variable  within  short  dis- 
tances along  the  fault  and  to  the  further  fact  that  the  fault  line 
coincides  so  closely  with  the  drainage  lines,  the  Chester  formations 
are  preserved  but  here  and  there  along  the  fault. 

The  intersections  of  this  fault  line  with  the  meanders  of  Neosho 
River  afford  many  fine  cross  sections  of  the  faulted  area.  The  width 
of  the  down-dropped  block  ranges  from  less  than  200  feet  to  more 
than  1,500  feet.  The  fault  ranges  in  character  from  a  simple  pair 
of  opposed  breaks  with  the  downthrown  block  between  them,  and 
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with  the  strata  of  the  wall  rock  on  either  side  dipping  more  or  less 
steeply  toward  the  faulted  block,  to  a  sort  of  faulted  syncline,  the 
limbs  of  which  are  made  up  of  distributive  faults  with  the  cumula- 
tive downthrow  toward  the  axis  of  the  syncline.  The  best  view  of 
the  latter  phase  is  shown  in  the  west  bluff  of  the  Neosho  opposite 
the  mouth  of  Cowskin  River,  where  the  south  limb  dips  from  2°  to 
5°  N.,  the  angle  increasing  toward  the  axis,  and  shows  four  distinct 
dislocations,  one  being  opposed  to  the  other  three,  but  leaving  a  re- 
sultant throw  of  14  feet  to  the  north.  On  the  north  side  there  is  a 
faulted  zone  55  feet  wide  in  which  there  is  an  upthrow  of  18  feet, 
but  this  is  more  than  counterbalanced  by  three  small  faults  and  one 
with  a  throw  of  22  feet  to  the  south,  and  by  the  southerly  dip  of  2*^ 
some  distance  from  the  fault  and  of  11°  adjacent  to  the  fault. 

The  amount  of  displacement  on  either  side  of  the  block  varies  from 
place  to  place.  In  the  west  bluff  of  Neosho  Eiver  2  miles  below  the 
mouth  of  Horse  Creek  it  is  more  than  90  feet.  At  the  Becker  mines, 
south  of  Seneca,  it  is  from  100  to  140  feet.  Between  Seneca  and 
Spurgeon  it  must  be  as  much  as  100  feet  in  many  places,  for  it  serves 
to  bring  the  Chester  formations  down  to  the  level  of  the  valley,  though 
the  Boone  forms  the  top  of  the  hills  on  either  side. 

The  Horse  Creek  anticline  is  an  asymmetric  fold  which  starts  at  a 
point  on  Cabin  Creek,  5  miles  southeast  of  Big  Cabin  station  and 
trends  east-northeastward  by  Cleora  to  the  mouth  of  Cowskin  River, 
where  it  intersects  the  Seneca  fault.  East  of  this  point  it  swings  a 
little  more  eastward  to  the  vicinity  of  Tiff  City,  where  it  trends  nearly 
due  east  for  10  miles  and  farther  east  gradually  dies  out.  The  anti- 
cline has  a  gently  sloping  northern  limb  and  a  steeper  southern  limb. 
To  the  south  of  the  anticline  and  parallel  to  it  is  a  long,  low  synclinal 
trough  beyond  which  the  strata  rise  again  to  the  south,  with  a  gentle 
incline.  The  average  dip  of  the  northern  limb  of  the  anticline  is 
about  2° ;  the  dip  of  the  southern  limb  ranges  from  5°  to  18°.  West 
of  Neosho  River  the  fold  expresses  itself  topographically  in  an  abrupt 
faultlike  escarpment  to  the  south  and  a  low  upland  slope  to  the  north. 
East  of  the  Neosho  the  anticline  is  cut  through  on  either  side  by  many 
short,  steep  hollows,  and  forms  the  gi^eatly  dissected  highland  known 
as  the  Seneca  Hills.  In  places,  notably  where  the  fold  is  cut  through 
by  Neosho  River,  the  rocks  lie  nearly  flat,  but  where  it  is  crossed  by 
Buffalo  Creek  and  Horse  Creek  the  dip  is  about  5°  SE.  About  2 
miles  west  of  Horse  Creek  Gap  the  dip  is  18°  SE.  For  the  most  part 
the  dip  of  the  southern  limb  is  concealed  by  debris  washed  down  from 
the  steep  slope,  and  can  be  made  out  only  in  exceptional  places.  It  is 
entirely  possible  that  for  short  distances  along  the  axis  west  of  Horse 
Creek  the  anticline  may  break  down  into  small  faults.  Though  cut 
across  in  several  places  by  streams,  this  fold  is  nowhere  breached 
parallel  to  the  axis,  a  fact  due  doubtless  to  its  monoclinal  nature. 
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The  Owasso  dome  lies  2  miles  west  of  Owasso,  partly  in  sec.  26  and 
partly  in  sec.  35  of  T.  21  N.,  R.  13  E.  One  of  the  upper  beds  of  the 
lower  limestone  of  the  Parsons  formation  swells  up  in  a  perfect  low 
dome,  nearly  circular  in  outline  and  about  three- fourths  of  a  mile  in 
diameter.  The  center  of  the  dome  has  an  elevation  50  feet  higher 
than  the  rim,  and  the  limestone  beds  conform  in  shape  to  the  surface 
of  the  uplift.  It  is  possible,  however,  that  the  quaquaversal  structure 
extends  for  some  distance  beyond  the  limestone  all  about  the  dome, 
but  is  concealed  owing  to  the  lack  of  outcrop. 

UNDERGROUND  SOLUTION. 

The  effects  of  solution,  which  are  so  prominent  in  the  Joplin  mining 
region,"  are  here  limited  chiefly  to  a  small  area  in  the  northeast  corner 
of  the  territory  covered  by  the  accompanying  map,  occurring  alto- 
gether northeast  of  a  line  drawn  through  Miami,  Wyandotte,  and  Tiff 
City.  This  line  is  fairly  parallel  to  the  eastern  margin  of  the  Winslow 
formation,  a  parallelism  which  is  doubtless  due  to  their  common  rela- 
tion to  the  Winslow  shore  line.  After  the  close  of  Winslow  deposition 
each  margin  retreated  from  the  original  shore  line  with  the  progress 
of  erosion,  the  margin  of  the  Winslow  retreating  seaward  through 
simple  erosion  of  its  outcrop,  and  the  margin  of  the  area  affected  by 
underground  solution  retreating  landward  through  the  effacement  of 
the  shallow  coast  sink  holes  in  the  degradation  of  the  surface.  As  a 
structural  process,  underground  solution  deserves  consideration  here 
chiefly  because  of  its  inseparable  connection  with  the  ore  deposits  of 
the  area  which  it  affects.  In  the  rest  of  the  region  the  contact  of  the 
Pennsylvanian  with  the  Mississippian  is  that  of  a  simple  erosional 
unconformity ;  in  this  area  it  is  a  solution  unconformity  in  which  the 
results  of  erosion  are  complicated  by  the  effects  of  underground  solu- 
tion. Advancing  over  the  sink-hole  topography  of  the  Mississippian 
land,  the  Cherokee  sea  filled  up  the  valleys  and  sink  holes  with  various 
sediments.  After  the  erosion  of  the  Pennsylvanian  the  shales  and 
sandstones  filling  the  depressions  were  left  as  outliers  of  various 
shapes  and  sizes,  forming  the  solution  patches  referred  to  in  the 
description  of  the  ore  deposits. 

BRECCIAS. 

A  basal  breccia  was  formed  where  the  later  shale  formations  were 
deposited  upon  and  in  the  residuum  which  mantled  the  surface  and 
in  part  filled  the  caverns  of  the  limestone  land  that  was  subject  to 
underground  solution.  Such  breccias,  also  called  "  mixed  "  or  "  con- 
fused "  ground,  are  the  loci  of  ore  deposition  in  many  places. 

•See  Geologic  Atlas  U.  S.,  Joplin  district  folio  (No.  148).  1907. 
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Locally  a  chert  member  of  the  Boone,  with  thin  interstratified 
limestone  strata,  was  finely  shattered  by  warping  or  other  tension,  the 
more  elastic  limestone  escaping  brecciation.  On  being  recemented 
in  place  this  rock  formed  a  sheet  breccia.  When  the  limestone  was 
replaced  later  by  ore  and  ore-bearing  jasperoid,  it  became  "  sheet 
ground."  Though  important  in  the  Joplin  district,  sheet  ground  was 
apparently  not  extensively  developed  in  this  area. 

When  the  interbedded  limestone  in  such  a  series  was  dissolved,  but 
not  replaced,  it  allowed  the  chert  to  settle  irregularly,  resulting  in 
strong  brecciation,  in  many  places  completely  obscuring  the  bedding. 
Shale  may  have  been  carried  into  the  openings  or  they  may  have  been 
filled  with  ore  or  jasperoid.  A  horizontal  tabular  body  of  breccia, 
which  differs  in  origin  and  in  form  from  the  sheet  breccias,  was  thus 
developed.  Such  a  formation  may  be  called  a  blanket  breccia.  The 
lead  and  zinc  ore  in  the  Quapaw  district  is  generally  found  in  a  brec- 
cia of  this  kind.  In  the  "  sheet  ground  "  of  the  Joplin  district  the 
characteristic  thing  is  the  occurrence  of  sheets  of  ore  and  jasperoid 
between  the  ledges  of  chert.  In  the  Quapaw  district,  however,  sheets 
as  much  as  a  few  feet  in  length  are  extremely  rare,  the  ore  being 
generally  disseminated  through  the  breccia.  In  distinction  from  the 
"  sheet  ground "  deposits  in  the  sheet  breccias,  the  Quapaw  ore 
bodies  in  the  blanket  breccias  may  be  called  "  blanket  ground,"  the 
term  "  blanket  vein  "  comprehending  both  classes.  Zonal  breccias, 
after  the  type  described  as  occurring  in  the  Joplin  district,  have  been 
observed  in  the  area  here  considered,  but  are  not  important  struc- 
turally or  economically.  Fault  breccias  were  developed  by  the  fault- 
ing which  has  been  described  as  occurring  around  the  margin  of  the 
uplift,  but  only  in  the  regions  affected  by  underground  solution  has 
siliceous  cementation  rendered  them  prominent  or  ore  deposition  ren- 
dered them  important.  The  breccias  of  this  kind  to  be  considered, 
therefore,  are  limited  to  those  associated  with  the  Seneca  fault. 
Typical  examples  occur  at  the  mines  on  Sycamore  Creek ;  at  the 
Becker  mines,  southwest  of  Seneca;  in  the  south  bluff  of  Lost  Creek 
at  Seneca ;  and  in  general  on  each  side  of  the  Seneca  fault  block  from 
Seneca  northeastward  to  and  beyond  Spurgeon. 

MISTER  A  L.  RF.SOFHCES. 

LEAD  AND  ZINC  DEPOSITS. 
GENERAL    CONDITIONS. 

The  workable  deposits  of  lead  and  zinc  ores,  so  far  as  at  present 
known,  are  limited  to  the  northeastern  corner  of  the  region  here  dis- 
cussed, the  area  in  which  they  occur  being  entirely  within  the  Wyan- 
dotte quadrangle  and  coincident  with  the  territory  which  was  subject 
to  underground  solution.     They  are  found  mainly  in  the  chert  brec- 
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cias  in  the  Boone  formation,  but  also  to  a  considerable  extent  in  sand- 
stone breccias  in  the  Chester,  particularly  in  the  new  Miami  district. 
More  or  less  limestone  and  shale  are  included  in  the  breccias,  incor- 
porated either  at  the  time  of  their  formation  or  since.  The  ores  are 
galena  ("lead")  and  sphalerite  ("jack")  with  a  relatively  small 
amount  of  smithsonite  and  calamine  (both  known  as  "silicate"). 
The  associated  or  gangue  materials  are  jasperoid,  which  occurs  as  a 
fine-grained  gray  to  black  siliceous  rock  cementing  the  breccia,  pyrite 
("  mundic  ") ,  calcite  ("  tiflF ") ,  and  dolomite  ("  spar  ") . 

The  districts  where  mining  has  been  carried  on,  or  where  the  indi- 
cations have  encouraged  extensive  prospecting,  arranged  chronologic- 
ally, are  the  Peoria,  Sycamore  Creek,  Quapaw,  and  Miami.  In  the 
following  pages  mines  typifying  the  different  classes  of  ore  bodies 
are  described  somewhat  fully  under  each  of  these  districts,  the  other 
mines  being  mentioned  but  briefly  or  entirely  omitted. 

The  ore  bodies  have  various  forms,  depending  on  the  structural 
features  of  the  associated  rocks.  In  basal,  zonal,  and  fault  breccias 
there  are  "  runs  "  and,  though  rarely  in  this  area,  "  circles."  Sheet 
breccias,  carrying  "  sheet  ground  "  deposits,  so  prominent  in  the 
Joplin  district,  have  not  as  yet  been  discovered  in  Oklahoma. 
Blanket  breccias,  with  "  blanket  ground "  deposits,  are  the  main 
source  of  ore,  being  especially  well  displayed  in  the  Quapaw  district. 

PEORIA   DISTRICT. 

General  description. — ^The  mines  at  Peoria  were  opened  in  1891,  on 
land  the  first  lease  of  which  is  held  by  the  Peoria  Mining,  Construc- 
tion and  Land  Company,  a  New  Jersey  corporation.  The  most  pro- 
ductive area  adjoins  the  village  on  the  northwest,  and  underlies  the 
bottom  and  north  bluff  of  Peoria  Creek.  In  the  creek  bottom,  over 
an  area  300  feet  long  east  and  west  by  100  feet  wide,  known  as  the 
Playhouse  diggings,  a  solid  sheet  of  galena  was  found  in  chert  at  a 
depth  of  7  to  10  feet.  This  sheet,  narrowing  to  60  feet,  extended 
northward  for  600  feet  under  Monkey  Hill  and  is  reported  to  have 
been  from  6  to  9J2,  inches  thick.  Other  shallow  deposits  of  lead  have 
been  worked  on  the  first  and  second  hills  west  of  Monkey  Hill.  Not 
much  sphalerite  has  been  mined  at  these  places.  A  sheet  of  sphal- 
erite from  4  to  18  inches  in  thickness,  with  a  thin  sheet  of  galena 
just  above  it,  which  yielded  two  carloads  of  ore,  was  struck  about  12 
feet  above  the  level  now  worked  for  silicate. 

Silicate  mine, — The  Silicate  mine  is  operated  by  Gordon  &  Wilkins. 
The  shaft  is  in  the  face  of  the  hill  just  north  of  the  creek,  about  50 
feet  west  of  the  edge  of  the  Playhouse  diggings,  and  some  of  the 
drifts  extend  under  those  old  workings.  The  face  of  ore  ranges  from 
1  to  7  feet  in  height,  averaging  2^  feet.  The  drifts  are  carried  6  to 
8  feet  in  height  and  from  10  to  12  feet  in  width,  and  have  a  total 
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length  of  approximately  1,000  feet,  covering  an  area  less  than  200 
feet  square.  The  ore  occurs  either  in  slabs  or  as  "  fish-egg  silicate," 
in  clay  interbedded  with  red  tallow  clay  and  layers  of  soft,  rotten 
chert,  the  whole  conforming  to  the  limestone  horses  and  bowlders 
which  are  present  here  and  there.  In  one  place  the  walls  of  the  run 
closed  in,  nearly  pinching  out  the  ore,  which  continued  on  through 
the  opening  in  the  solid  limestone.  The  ore  in  the  main  is  plainly 
the  result  of  a  carbonate  replacement  of  the  limestone  country  rock, 
associated  with  more  or  less  underground  solution,  the  latter  in  part 
antedating  the  ore  deposition,  giving  rise  to  the  openings  through 
which  the  ore-bearing  solutions  passed,  and  in  part  contemporaneous 
with  the  ore  deposition.  The  ore  is  concentrated  on  hand  jigs,  the 
quantity  of  fine  fish-egg  silicate  associated  with  flat  shapes  requiring 
an  elaborate  scheme  of  concentration.  Women  and  girls  are  employed 
to  hand  pick  the  screenings — probably  the  only  instance  of  such  em- 
ployment in  the  Joplin  region. 

Chicago  Syndicate  Mining  Company. — In  1907  the  Chicago  Syndi- 
cate Mining  Company  erected  a  mill  over  some  old  workings  half  a 
mile  northwest  of  Peoria.  The  level  worked  at  the  mill  shJift  is  120 
feet  deep,  but  at  another  shaft  on  the  edge  of  a  small,  oblong  solution 
patch  of  shale  and  sandstone  of  Chester  age,  the  mining  was  done  at 
the  160-foot  level.  A  considerable  amount  of  lead  was  taken  from 
this  shale  patch  at  a  depth  of  12  to  22  feet,  the  ore  occurring  near  the 
base  of  the  sandstone  and  shale.  In  the  drifts  now  being  worked  the 
ore  is  sphalerite  disseminated  in  rather  coarse  crystals  through  the 
bluish-gray  jasperoid  cement  of  chert  breccia.  In  places  this  cement 
makes  up  one-third  to  one-half  of  the  mass  of  the  breccia,  the  chert 
bowlders  and  slabs  being  suspended  in  it.  Considerable  spar  is  pres- 
ent here  and  there,  and  where  decomposition  has  progressed  far  there 
is  much  tallow  clay. 

Other  mines. — The  Poor  Boys  Mining  Company  is  operating  a  sili- 
cate mine,  and  several  other  companies  are  prospecting  in  the  imme- 
diate vicinity  of  Peoria. 

Three  miles  due  east  of  Peoria,  on  a  tract  of  land  belonging  to  S.  L. 
Davis  and  adjoining  the  State  line,  in  tlie  vicinity  of  the  Pinnick 
mines,  there  have  been  some  recent  strikes  of  ore.  The  Grimes  &  Wil- 
liams shaft  is  sunk  near  the  border  of  a  circular  solution  patch,  bor- 
dered by  an  outcrop  of  brecciated  chert  with  a  jasperoid  matrix  show- 
ing impressions  of  sphalerite  crystals  which  have  been  leached  out. 
Within  the  circle  there  are  scattered  sandstone  bowlders  of  Chester 
age.  The  ore  is  sphalerite  and  occurs  at  the  90-foot  level  in  the 
matrix  of  the  chert  breccia.  This  matrix  consists  of  jasperoid  in 
some  places  and  of  dolomite  in  others;  in  still  others  the  ore  itself 
acts  as  the  cement.  In  the  McKisson  shaft,  on  the  same  tract,  a  3-foot 
run  of  lead  was  struck  at  the  60-foot  level  in  yellow  flint  ground. 
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SYCAMORE  CREEK  DISTRICT. 

South  of  Seneca  the  Seneca  fault  cuts  diagonally  across  the  divide 
between  Lost  and  Sycamore  creeks,  striking  the  latter  1^  miles  west 
of  the  Missouri-Oklahoma  line.  At  this  point  considerable  prospect- 
ing has  been  done  in  and  along  the  fault  block,  though  without  devel- 
oping any  paying  bodies  of  ore.  The  first  prospecting,  which  yielded 
some  silicate,  was  done  by  means  of  a  drift  under  the  south  bluff  of 
Sycamore  Creek  a  few  feet  above  water  level.  Here  the  fault  block 
is  about  180  feet  in  width,  and  the  throw  is  not  sufiicient  to  bring 
the  sandstone  of  the  Chester  down  to  the  present  level  of  the  surface. 
The  limestones  of  the  block,  probably  opened  up  more  or  less  by  the 
faulting,  have  been  subjected  to  much  solution,  with  the  result  that 
the  space  between  the  side  faults,  as  exposed  in  the  bluff,  consists  of 
a  great  mass  of  chert  blocks  lying  topsy-turvy,  the  interstices  being 
filled  with  tallow  clay  and  residual  clay.  In  the  ravine  just  south 
of  the  bluff,  near  the  southeast  edge  of  the  block,  is  a  shaft  from  which 
drifts  at  the  75-foot  and  104-foot  levels  extend  southwestward  for 
about  100  feet  each.  Thin  ore  was  encountered  in  the  lower  drift, 
and  better  ore  in  the  upper  one.  The  ore  consists  of  galena,  sphal- 
erite, and  silicate.  The  silicate  was  too  heavy  to  be  separated  from 
the  sphalerite  on  hand  jigs,  and  the  ore  could  not  be  sold  at  a  profit- 
able price.  Another  shaft,  250  feet  southwest  of  the  deep  shaft,  en- 
countered some  large  chunks  of  galena,  which  had  to  be  broken  up 
before  they  could  be  brought  to  the  surface.  Southwest  of  this  point 
the  displacement  by  the  fault  is  greater,  and  at  a  distance  of  400  feet 
sandstone  and  sandy  shale  of  Chester  age  are  present  to  a  depth  of 
65  feet,  with  some  galena  and  sphalerite  in  crevices  in  the  sandstone 
and  in  the  secondary  limestone  cement  of  associated  chert  breccia. 

MINES    AJX)NG    THE    SENECA    FAULT. 

The  Sycamore  Creek  mines  mark  the  southwesternmost  known 
occurrence  of  ore  along  the  Seneca  fault.  Northeast  of  this  locality 
the  fault  has  been  prospected  at  short  intervals  to  the  vicinity  of 
Spurgeon,  Mo.  The  Becker  mines  (formerly  the  Potwin  and  Holmes 
mines)  are  just  in  Missouri,  a  mile  south  of  Seneca.  The  ore,  which 
is  galena,  sphalerite,  and  calamine,  occurs  in  the  chert  and  sandstone 
breccias  of  the  southeast  margin  of  the  fault  block  and  in  the  solution 
breccias  of  the  adjacent  Boone  chert  and  limestone.  These  mines 
have  been  recently  reopened,  after  lying  idle  for  fifteen  years.  A 
150-ton  mill  has  been  erected,  several  shafts  have  been  sunk  on  shal- 
low ore,  and  the  original  shafts  have  been  sunk  to  deeper  levels. 

A  mile  northeast  of  Seneca  are  the  old  Huber  mines,  operated  by 
the  Seneca  I^ead  and  Zinc  Company.  The  ore  was  found  at  a  deptli 
of  70  to  100  feet  in  broken  chert  ground  adjacent  to  the  northwest 
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margin  of  the  Seneca  fault  block.  Breccia  bowlders  in  the  waste  piles 
show  jasperoid  cement  with  impressions  of  sphalerite  crystals. 

The  Gallemore  mines  are  situated  in  the  shallow  saddle  where  the 
faulted  area  crosses  a  flint  ridge  one-half  mile  west  of  Racine. 
Sphalerite  was  struck  in  the  shaft  of  the  Racine  Mining  Company, 
at  a  depth  of  105  feet.  For  the  first  40  feet  the  shaft  penetrated 
Pennsylvanian  shale,  in  which  an  18-inch  bed  of  coal  was  found. 
This  shale  occurs  very  irregularly,  not  showing  at  all  in  some  shafts 
near  by,  and  is  evidently  a  solution  patch,  the  fault  brecciation  offer- 
ing most  favorable  conditions  for  solution.  Small  quantities  of 
sphalerite  were  taken  from  several  shafts  near  by  and  considerable 
shallow  lead  was  found  in  yellow  flint  ground  adjacent  to  the  fault 
on  the  northwest. 

The  Buzzard  mines,  on  the  Newman  land,  2  miles  northeast  of 
Racine,  have  been  operated  more  or  less  continuously  since  their  dis- 
covery in  1882.  They  are  adjacent  to  the  fault  block  on  its  southeast 
side.  The  original  discovery  was  of  lead  ground,  1^  to  2  feet  in  thick- 
ness, averaging  50  per  cent  of  galena,  at  a  depth  of  8  to  10  feet,  lying 
upon  a  solid  sheet  of  Short  Creek  oolite  and  overlain  by  yellow  clay 
and  chert  bowlders.  The  oolite  dips  slightly  toward  the  fault  and"  is 
reached  at  a  depth  of  28  feet  in  the  shaft  at  present  worked,  at  the 
foot  of  the  low  ridge  which  marks  the  breccia  zone.  Under  the  foot 
of  this  hill  the  ore  consists  of  lead,  sphalerite,  and  calamine,  and  as  the 
fault  zone  is  approached  dips  steeply  downward  toward  it.  The  ore 
is  asscx'iated  with  more  or  less  chert  breccia,  with  dark  jasperoid 
cement.  The  Shaffer  diggings,  adjoining  the  Buzzard  mines  on  the 
southwest,  have  not  been  worked  for  many  years.  The  Hunt  mines 
were  a  quarter  of  a  mile  north  of  the  Buzzard  mines,  on  the  north- 
west side  of  the  fault  block. 

The  Baxter  mines  are  on  the  fault  block  and  along  its  nortliwest 
margin,  in  the  NW.  }  sec.  1,  T.  25  N.,  R.  33  W,  The  surface  of 
the  block  seems  to  be  entirely  covered  with  the  sandstones  and  shales 
of  the  Cliester.  Mucli  shallow  lead  has  been  taken  out,  at  depths 
ranging  from  2  to  30  feet,  in  broken  sandstone  and  clay  ground  rest- 
ing upon  the  Boone  chert.  Galena  and  sphalerite  are  found  at 
deeper  levels  in  the  residual  and  basal  l)reccias. 

The  Henderson  mines  join  the  Baxter  diggings  on  the  east  and  lie 
partly  in  the  section  just  north.  The  mines  extend  from  the  north 
margin  of  the  fault  block  completely  across  and  for  some  distance 
beyrtnd  it,  though  most  of  the  ore  was  found  near  the  south  fault  zone. 
Tt  consisted  entirely  of  galena,  and  came  from  depths  of  15  to  GO  feet, 
in  mucli  the  same  relations  as  the  shallow  lead  on  the  Baxter  land. 

The  fault  block  has  been  prospected  at  short  intervals  all  the  w^ay 
from  the  Henderson  mines  to  a  point  half  a  mile  northeast  of 
Spurgeon.     On  the  west  edge  of  the  Bucklin  hind  at  Spurgeon  the 
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sandstone  outcrop  marking  the  limits  of  the  fault  block  is  about  250 
feet  in  width.  Between  this  point  and  the  village  the  sandstone  and 
shale  area  widens  out  until  it  is  1,600  feet  across.  This  widening  is 
due  mostly,  however,  to  solution,  as  the  fault  block  can  be  easily 
traced  across  the  tract  by  a  slight  trough  bounded  on  the  northwest 
by  the  outcropping  chert.  The  ore,  consisting  of  galena  and  sphal- 
erite, occurs  in  breccias — sandstone  breccias  in  the  upper  levels  and 
chert  breccias  in  the  deeper  levels.  Many  of  the  sandstone  frag- 
ments of  Chester  age  in  these  breccias  have  been  changed  into 
quartzite  through  secondary  enlargement  of  the  sand  grains.  The 
surface  of  such  fragments  shows  a  glistening  sheen  which  has  given 
rise  to  the  local  name  "  glass  rock." 

QUAPAW    DISTRICT. 

General  description. — The  Quapaw  mines  extend  from  1  to  4  miles 
east  of  Quapaw  station,  and  from  5  to  7  miles  south  of  Baxter 
Springs.  The  ore-bearing  ground  has  been  proved  by  drilling  to  ex- 
tend for  some  distance  beyond  these  limits  on  all  sides,  notably  to  the 
west,  in  the  vicinity  of  Quapaw  station,  where  a  good  strike  was 
made  in  drilling  the  town  well.  The  main  ore  deposits  occur  at  a 
depth  of  80  to  150  feet  in  blanket-ground  formation,  rarely  in  con- 
fused broken  ground.  Ore  at  shallower  depths  is  limited  chiefly 
to  the  region  lying  immediately  south  of  Lincolnville,  the  village 
at  the  Quapaw  mines.  On  the  eastern  edge  of  the  Quapaw  district 
the  blanket  ground  rests  upon  the  Short  Creek  oolite  member  of  the 
Boone  formation,  which  is  usually  penetrated  by  the  mine  sump. 
Though  doubtless  the  blanket  breccia  forms  an  uninterrupted  sheet 
throughout  the  area  of  the  Quapaw  mines,  the  oolite  is  not  found 
in  the  western  mines.  This  is  because  the  bed,  as  noted  in  its  de- 
scription, thins  out  or  loses  its  oolitic  character  along  a  north-south 
line  which  bisects  the  district.  The  ores  found  in  the  blanket 
ground  are  sphalerite  and  lead  in  about  the  proportion  of  5  to  1. 
In  a  part  of  the  blanket  ground  there  has  been  some  oxidization  in 
the  upper  part  and  a  little  calamine  is  present.  No  ore  is  mined 
below  the  Quapaw  blanket  ground,  although  the  drill  has  shown 
ore  at  deeper  levels.  In  the  shallow  ground  the  ore,  which  is  princi- 
pally silicate  and  galena,  occurs  in  runs  and  circles.  In  addi- 
tion to  the  circular  solution  patch  (with  a  probable  circular  ore 
deposit)  on  the  Cherokee  Lead  and  Zinc  Mining  Company's  land, 
described  below,  there  are  several  other  shale  and  sandstone  patches 
of  the  same  shape.  A  circular  shale  patch  at  the  FFF  mine  had 
much  sphalerite  and  pyrite  in  the  lower  part  of  the  shale,  and  ore 
continued  in  broken  ground  down  to  the  main  blanket  ground  at 
90  feet.  There  is  a  large  circular  solution  patch  on  the  Red  Eagle 
tract,  in  the  NE.  \  SE.  \  sec.  31,  T.  29  N.,  R.  24  E.    The  shale 
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area  is  350  feet  in  length  north  and  south  by  300  feet  in  width.  A 
shaft  near  its  southeastern  margin  shows  a  thickness  of  70  feet  of 
shale.  The  shale  area  is  surrounded  by  a  low  rim  of  chert  which 
dips  away  from  the  center  on  all  sides.  Near  its  contact  with  the 
shale  the  chert  is  brecciated  and  recemented  with  jasperoid  from 
which  considerable  sphalerite  has  been  leached.  It  seems  reasonably 
certain  that  the  ore  here,  should  it  occur  in  workable  quantity,  will 
be  found  in  circular  shape. 

There  are  in  the  Quapaw  district  25  steam  concentrating  plants, 
with  a  daily  capacity  of  3,300  tons,  besides  7  mines  operating  hand- 
jig  plants.  In  the  typical  blanket  ground  hand  jigs  can  not  be 
operated  to  much  advantage,  as  the  ore  must  be  crushed  very  fine  to 
free  it  from  the  rock.  Those  in  operation  are  working  with  dirt 
from  the  shallow  ground  or  the  more  oxidized  portions  of  the  blanket 
ground.  In  addition  to  the  mines  with  concentrating  outfits  there 
are  about  30  prospects  which  have  shafts  down  to  the  ore.  The 
owners  of  some  of  these  prospects  have  planned  to  build  mills ;  others 
are  waiting  for  ore  prices  to  become  better. 

Cherokee  Lead  and  Zinc  Mining  Company. — In  a  field  on  the 
Cherokee  Lead  and  Zinc  Mining  Company's  lease  just  southwest 
of  Lincolnville  several  wagon  loads  of  calamine  were  picked  up, 
having  been  plowed  up  and  cast  aside  in  ignorance  of  its  value. 
Aproximately  50  tons  of  silicate  with  a  little  lead  were  taken 
from  shallow  open  cuts  less  than  15  feet  in  depth,  along  the  south- 
west margin  of  a  circular  solution  patch  at  this  place.  Limestone 
and  sandstone  of  Chester  age  cover  the  surface  except  for  the  circle 
125  to  150  feet  in  diameter.  The  border  of  the  circle  is  marked  by  a 
ring  of  sandstone  bowlders.  Inside  this  ring  shafts  and  borings 
strike  Cherokee  shale  with  a  little  coal.  Between  the  sandstone  ring 
and  the  adjacent  limestone  there  is,  along  the  southwest  margin,  a 
strip  of  chert  breccia  with  a  matrix  of  jasperoid.  This  matrix  has 
been  ore  bearing,  as  shown  by  the  cavities  from  which  sphalerite  has 
been  leached.  The  ore  found  in  the  shallow  diggings  lay  mainly 
between  the  breccia  and  the  limestone,  but  also  extended  in  clay  seams 
into  both  the  limestone  and  the  jasperoid.  In  the  shaft  just  west  of 
the  circle  ore  was  found  at  a  depth  of  35  feet  in  the  clay  and  lime- 
stone bowlder  filling  of  a  solution  chamber  at  the  base  of  the  lime- 
stone of  Chester  age. 

A  sheet  of  lead  ranging  up  to  6  inches  in  thickness  was  struck  at 
a  depth  of  40  feet  in  the  shaft  of  the  Alabama  Mining  Company, 
a  hundred  yards  south  of  the  locality  just  mentioned. 

Good  Lxick  mi  lie, — Soft  "  confused  ground  "  occurs  at  the  Good 
Luck  mine,  as  well  as  in  some  other  mines  in  the  northeastern  por- 
tion of  the  Quapaw  district.  In  the  No.  1  shaft  of  the  Good  Luck 
mine  the  soft  ground  joins  the  blanket  ground  along  a  north-south 
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line  and  the  east-west  drift  is  partly  in  each  kind  of  ground.  The 
blanket  ground  exposed  by  the  drift  is  fractured  and  broken,  but  not 
recemented,  and  in  places  the  bedding  is  entirely  obscured.  Clay  and 
shale  occur  in  the  fractures  and  joints  and  between  the  chert  beds. 
The  blanket  ground  was  evidently  much  softened  by  the  solution 
which  is  responsible  for  the  confused  ground  adjoining.  The  latter 
is  the  typical  soft  ground  of  chert  and  limestone  bowlders  in  soap- 
stone  and  yellow  clay.  Tiff  and  pink  spar  are  present  in  veins  and 
pockets  in  the  unoxidized  ground  and  impressions  of  spar  and  sphal- 
erite occur  in  the  jasperoid  cement  of  the  oxidized  ground.  Weath- 
ered lead  occupies  seams  and  fractures  in  the  jasperoid.  The  No.  2 
shaft  was  sunk  on  a  drill  hole  showing  rich  lead  cuttings  that  were 
found  to  have  come  from  a  solid  chunk  of  galena  a  foot  or  two  in 
thickness,  which  did  not  reach  completely  across  the  shaft.  .When 
followed  to  the  south  the  lead  gave  out  within  2^  feet  of  the  shaft, 
but  the  drift  soon  ran  into  good  zinc  ore.  The  ground  here  consists 
of  dull  chert  and  rotten  limestone  bowlders  in  a  matrix  of  shale, 
clay,  and  tallow  clay.  Some  of  the  bowlders  are  of  secondary  lime- 
stone, highly  crystalline  and  very  rich  in  ruby  sphalerite  in  grains 
of  the  same  size  as  those  of  the  limestone.  In  some  of  these  limestone 
bowlders  the  sphalerite  constitutes  from  15  to  25  per  cent  of  the  mass. 

Mission  mine. — The  Mission  mine  may  be  chosen  to  exemplify  the 
blanket-ground  mines  because  it  is  typical,  because  its  underground 
workings  are  the  most  extensive,  and  because  it  is  the  best-known 
m,ine  in  the  district,  having  been  the  "  show  "  mine  from  the  begin- 
ning of  the  camp.  The  mined  area  extends  over  approximately  5 
acres  in  the  NE.  i  sec.  1,  T.  28  N.,  R.  23  E.  The  blanket  ground  is 
about  30  feet  in  thickness,  the  top  of  the  ore  being  reached  at  about 
50  feet  from  the  surface  and  the  limestone  upon  which  it  rests  at 
about  80  feet.  Only  the  upper  18  to  20  feet  of  this  ground  has  been 
worked,  though  at  the  time  the  mine  was  visited  a  lower  stope  10  or 
12  feet  in  height  was  being  taken  up  from  the  pump  shaft. 

In  this  mine,  as  generally  in  the  district,  there  is  at  the  top  of  the 
blanket  ground  2  or  3  feet  of  soft  ground,  containing  more  or  less 
black  shale  and  yellow  clay.  Locally  solution  has  progressed  so  far 
that  slabs  only  of  limestone  and  chert  occur  in  the  shale  and  clay. 
There  is  as  a  rule  more  or  less  spar  and  tiff  in  veins  and  pockets,  and 
here  and  there  a  little  bitumen.  Much  of  the  shale  is  slickensided. 
This  zone  is  apparently  not  one  of  general  movement,  but  one  of  ac- 
commodation to  the  slight  stresses  resulting  from  underground  solu- 
tion and  the  weight  of  the  superincumbent  strata.  It  seems  likely 
that  the  opening  at  the  top  of  the  blanket  breccia,  into  which  the 
clay  and  shale  have  been  drawn,  was  largely  a  result  of  the  settling 
of  the  chert  beds  when  the  interbedded  limestone  was  dissolved.  The 
fact  that  the  roof  did  not  settle  into  this  space  would  be  explained 
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if  the  solution  in  the  blanket  cherts  went  on  by  areas,  portions  re- 
maining to  support  the  roof  until  after  the  portions  first  dissolved 
and  fractured  had  been  recemented  by  jasperoid  and  rendered  capa- 
ble of  sustaining  the  roof.  This  upper,  softer  sheet  is  in  many  places 
richer  in  ore  than  the  harder  ground  below,  but  on  the  other  hand 
it  is  here  and  there  entirely  barren. 

Below  the  soft  ground  the  blanket  breccia  consists  of  greatly 
fractured  "  live  "  blue  flint,  which  in  the  more  unbroken  portions 
shows  small  dark  spots  one-eighth  to  one-fourth  of  an  inch  in 
diameter,  surrounded  by  a  lighter  border.  At  many  points  the 
stratification  of  the  chert  is  completely  obscured  by  the  brecciation, 
but  in  general  it  can  be  made  out  either  from  the  chert  or  from  the 
jasperoid  sheets  between  the  broken  chert  beds. 

The  brecciation  of  the  chert  ledges  is  uneven.  In  places  the  whole 
ledge  is  broken  up;  elsewhere  it  is  broken  into  large  bowlders  with 
finer  brecciation  between  them;  elsewhere  still  the  sheets  are  com- 
paratively unbroken,  with  chert  fragments  suspended  in  the  jasperoid 
interstrata.  In  many  of  the  more  unbroken  portions  of  the  chert 
strata  traces  of  a  formei:  fine  brecciation  may  be  distinguished.  The 
outlines  of  the  fragments  are  faint,  and  the  cementing  material 
resembles  a  network  of  thin  dark  veins.  These  are  not  ore  bearing 
and  possibly  correspond  to  the  older  sheet  brecciation  in  the  sheet- 
ground  deposits  of  the  Joplin  district.  At  numerous  places  in  the 
mine  the  chert  is  fractured  vertically  or  nearly  so.  Some  of  these 
fractures  come  so  close  together  as  to  constitute  "  sheeting  "  and  to 
conceal  the  bedding  of  the  chert  completely.  They  are  ordinarily  not 
slickensided,  but  are  usually  stained  dark  by  the  circulating  waters. 
In  general  they  are  open,  containing  neither  ore  nor  jasperoid.  They 
are  probably  equivalent  to  the  sheeting  in  the  mines  of  the  sheet 
ground  in  the  Joplin  district,  where  also  the  sheeting  is  later  than 
the  ore  deposition. 

The  ore  in  the  Mission  mine  consists  of  sphalerite  and  lead  in 
the  proportion  of  2  or  3  to  1.  The  latter  is  found  in  fissures  and 
crevices  in  the  chert,  and  the  former  is  disseminated  in  the  jasj:)eroid 
as  well  as  in  the  crevices  and  fissures,  ^^^lere  both  the  ores  occur 
in  a  pocket,  the  galena  shows  a  tendency  to  be  crystallized  in  the 
upper  parts  and  the  sphalerite  in  the  lower  parts.  In  the  mine  as 
a  whole  not  much  differentiation  can  be  seen,  more  lead  occurring 
in  the  upper  portion  in  some  places  and  near  the  bottom  in  others. 

MIAMI  DISTRICT. 

The  Miami  mines,  4  miles  due  north  of  the  town,  are  the  youngest 
in  the  State  of  Oklahoma,  ore  having  been  reached  in  the  first  shaft 
in  1907.     The  ore  is  sphalerite  with  some  galena,  and  is  found  at 
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depths  of  90  to  130  feet,  the  variation  being  due  in  the  main  to  the 
westward  dip  of  the  rocks.  The  surface  formation  is  Cherokee  shale, 
below  which  are  sandstone  and  limestone  of  Chester  age,  resting 
upon  the  Boone  chert  and  limestone.  In  certain  areas  the  limestone 
of  the  Chester  group  has  been  carried  away  by  solution,  allowing 
the  sandstone  to  settle  down  upon  the  Boone.  In  this  settling  the 
sandstone  was  more  or  less  fractured  and  broken.  The  ore  was 
first  discovered  in  this  sandstone  breccia,  though  in  some  of  the  recent 
drilling  it  has  been  found  to  continue  on  down  into  the  Boone  chert. 
The  main  one  of  these  old  solution  channels,  as  at  present  .devel- 
oped, crosses  the  Miami  road  near  the  southwest  corner  of  sec.  6, 
T.  28  N.,  E.  23  E.,  and  bears  north-northwest.  The  territory  has  not 
yet  been  extensively  drilled,  and  the  available  drill  records  are  too 
few  to  determine  the  courses  of  any  of  the  solution  channels  other 
than  the  one  just  mentioned,  but  it  seems  highly  probable  that  other 
ramifications  of  the  old  underground  drainage  will  be  discovered. 
With  this  end  in  view,  systematic  preservation  of  drill  records, 
whether  they  represent  blank  holes  or  not,  is  very  desirable. 

The  sandstone  in  which  the  ore  occurs  is  strongly  impregnated 
with  a  heavy  crude  oil  or  bitumen.  This  material  occurs  in  exactly 
the  same  fashion  as  the  ore,  in  crevices  in  the  fractured  rock  and 
between  the  laminse  of  the  sandstone.  There  is  also  in  many  places 
considerable  fine-grained  pyrite.  Neither  calcite  nor  dolomite  has 
been  observed  in  association  with  the  ore,  though  they  will  likely 
be  found  when  mining  has  extended  downward  into  the  Boone.  The 
sphalerite,  where  it  occurs  in  the  openings  between  the  laminae,  is 
very  fine  grained,  though  in  the  fracture  openings  larger  masses 
of  ore  are  found.  The  galena  constitutes  about  one-sixth  of  the 
total  amount  of  ore,  and  is  found  more  often  in  the  crevices  than 
between  the  laminae  of  the  sandstone.  The  intimate  association  of 
the  sandstone  and  ore  requires  close  crushing  to  effect  their  separa- 
tion, and  this  in  turn  necessitates  the  use  of  concentrating  tables  to 
save  the  fine  ore.  The  bitumen  must  have  a  tendency  to  float  off  the 
fine-ore  slimes.  Experience  has  shown  also  that  the  bitumen  collects 
in  the  jigs,  and  in  the  first  cell  of  the  cleaner  jig  it  forms  round  balls 
with  the  ore.  In  a  short  time  these  balls  completely  cover  the  grat- 
ing of  the  cell  to  a  depth  of  1  or  2  inches,  so  that  it  is  necessary  to 
clean  off  the  jig  bed  every  shift.  The  introduction  of  a  jet  of  hot 
water  into  this  cell  simply  delays  the  balling  up  and  clogging  until 
the  next  cell  of  the  jig  is  reached.  A  single  assay  of  the  sphalerite 
concentrate  is  reported  thus:  Zinc,  44  per  cent;  lead,  4  per  cent; 
iron,  7  per  cent.  Against  these  values  penalties  were  assessed  by 
the  ore  buyer,  as  follows :  Moisture,  2  per  cent ;  bitumen,  2  per  cent ; 
iron,  7  per  cent.  A  deduction  of  $1  per  ton  of  ore  is  made  for  each 
1  per  cent  of  these  impurities,  making  a  combined  penalty  in  this 
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case  of  $11  per  ton.  From  this  showing  it  seems  imperative  that 
means  be  adopted  to  remove  the  bitumen  and  effect  a  better  separa- 
tion of  the  iron.  Some  process  of  oil  flotation,  or  of  roasting  and 
magnetic  separation,  would  be  likely  to  accomplish  that  end,  but  to 
roast  the  crushed  ore  before  concentration  would  probably  not  be 
profitable.  Possibly,  if  the  crude  ore  were  crushed  in  hot  water, 
the  bitumen  might  be  freed  and  mechanically  skimmed  or  allowed 
to  float  off  from  the  surface  of  a  settling  tank.  Roasting  and  magnetic 
separation  might  be  employed  after  concentration. 

The  richness  of  the  drill  cuttings  and  of  the  ore  itself,  where  it 
has  been  reached,  has  caused  the  prospecting,  shaft  sinking,  and  mill 
building  to  go  on  unabated.  Development  was  pushed  rapidly  in 
1907.  Eight  shafts  were  sunk  to  ore,  many  others  were  started,  one 
mill  was  completed,  and  two  others  were  begun,  both  of  which  are 
now  finished. 

A  circumstance  which  has  delayed  the  development  of  the  district 
is  that  each  undertaking  requires  the  raising  of  500  to  750  gallons 
of  water  per  minute.  This  of  course  has  been  the  case  in  most  of 
the  new  camps  in  the  Joplin  region.  With  the  lowering  of  the 
underground  water  level  to  the  level  of  mining,  the  amount  of  pump- 
ing ordinarily  becomes  inconsiderable.  In  the  Miami  district,  how- 
ever, the  situation  is  somewhat  exceptional.  The  surface  of  the 
ground  is  low,  not  more  than  25  feet  above  Tar  Creek,  the  drainage 
level  for  the  region,  and  the  water-bearing  ore  stratum  is  capped 
by  the  unbroken  Cherokee  shale.  The  mine  water  is  different  from 
the  surface  water  in  other  camps,  being  highly  charged  with  HoS, 
like  the  deeper  artesian  waters,  and  the  height  to  which  it  rises  may 
represent  artesian  head  rather  than  the  underground  water  table. 
If  this  be  so  there  may  be  no  great  diminution  of  the  amount  of 
water  with  time,  but  on  the  contrary  a  possible  increase  with  the  de- 
velopment of  the  underground  workings. 

As  the  water  pours  into  the  mine,  the  dissolved  HoS  gas  escapes 
and  renders  the  air  so  noxious  that  the  miners  are  unable  to  work  a 
full  shift,  though  there  is  much  individual  variation  in  the  ability 
to  withstand  the  gas.  As  the  gas  is  heavier  than  air,  the  ordinary 
blower  at  the  surface  will  not  force  it  out  of  the  workings,  so  that  an 
exhaust  fan,  with  the  intake  at  the  bottom  of  the  drift,  is  commonly 
employed  in  ventilating  the  mines. 

OIL  AND  GAS. 
DISTRIBUTION. 

The  areas  which  have  yielded  oil  and  gas  are  outlined  on  PI.  II. 
The  most  productive  areas  are  the  Alluwe-Coodys  Bluff,  or  "  shallow 
sand  "  field ;  the  Bartlesville,  or  "  deep  sand  "  field ;  and  the  Glenn 
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"  pool,"  near  Kiefer.  Between  the  Bartlesville  and  Glenn  fields  and 
in  line  with  them,  there  is  a  series  of  smaller  pools  at  such  close  inter- 
vals as  practically  to  constitute  one  continuous  field  from  Kiefer  to 
the  Kansas  line.  New  but  promising  areas  are  the  Delaware,  Hog- 
shooter,  and  Morris-Baldhill  fields.  Many  other  smaller  outlying 
areas,  generally  gas  bearing,  are  indicated  on  the  map.  Sufficient 
data  are  not  at  hand  to  discuss  the  depth,  character,  and  mutual 
relations  of  the  oil-  and  gas-bearing  sands,  or  the  origin  and  character 
of  the  oil. 

GENERAL  CONSIDERATIONS  OF  STRUCTURE. 

Probably  the  most  striking  fact  in  connection  with  the  distribution 
and  shape  of  the  pools,  as  will  be  noted  from  the  map,  is  their  group- 
ing into  belts  with  north-south  alignment  and  their  individual  pro- 
longation in  that  direction.  This  characteristic  manifests  itself  with 
perfect  independence  of  the  topography  and  likewise  of  thr  General 
structure.  The  general  structure  of  that  portion  of  the  Midv^ontinent 
field  included  in  this  repoit  is,  as  noted  in  the  preceding  pages,  that 
of  a  gentle  monocline,  dipping  to  the  north  of  west.  The  study  of  a 
complete  series  of  well  records  in  connection  with  detailed  leveling 
might  reveal  important  minor  features,  such  as  low  anticlines  and 
terraces  (flats  or  arrested  anticlines),  but  it  is  difficult  to  see  how 
such  features  could  exist  and  be  influential  in  the  distribution  of  the 
oil  and  gas  without  showing  their  influence  in  the  outcrop  of  the  for- 
mations, unless  they  antedated  the  deposition  of  those  formations.  If 
the  distribution  of  the  oil  and  gas  depends  on  the  existence  of  elon- 
gated lenses  of  sandstone,  it  is  likewise  difficult  to  account  for  the 
diagonal  position  of  these  lenses  with  reference  to  surface  outcrops, 
unless  they  were  deposited  when  the  land  and  sea  relations  were 
decidedly  different  from  those  which  existed  later,  when  the  forma- 
tions now  at  the  surface  were  laid  down.  It  seems  a  fair  assumption, 
then,  that  the  oil  and  gas  reservoirs  had  their  origin  in  conditions, 
which,  whether  orographic  or  geographic,  antedated  the  deposition  of 
the  Cherokee  and  overlying  formations.  In  the  section  on  structure 
it  has  been  shown  that  the  warping,  folding,  and  faulting  which 
affected  the  western  portion  of  the  Ozark  uplift  were  post-Winslow 
and  apparently  pre-Cherokee — that  is  to  say,  they  were  probably  con- 
temporaneous with  the  development  of  the  structure  influencing  the 
distribution  of  the  oil  and  gas.  That  they  were  related  to  that 
development  is  very  probable.  The  orographic  structure  of  the 
west  end  of  the  Ozark  uplift  has  a  very  pronounced  northeast- 
southwest  trend.  It  is  not  easy  to  see  how  a  north-south  structure 
could  be  developed  in  the  adjacent  oil  field  at  the  same  time  and  by 
the  same  forces  which  produced  the  structure  of  the  uplift,  or  even 
independent  of  them.    Therq  remain  for  consideration  the  geographic 
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relations  of  the  sedimentation  of  pre-Cherokee  time.  In  the  section 
descriptive  of  the  Cherokee  formation  it  has  been  shown  that  there 
is  a  wide  divergence  in  strike  between  the  formations  correlated  with 
the  Cherokee  in  the  south  and  those  preceding  the  Cherokee,  and  it 
has  been  pointed  out  that  the  most  rational  explanation  of  this  dis- 
cordance is  that  the  west  end  of  the  Ozark  uplift  was  warped  so  that 
the  southern  portion  was  elevated,  crowding  the  shore  line  far  to 
the  southwest,  while  the  northern  was  depressed,  allowing  the  sea  to 
spread  farther  to  the  east  and  to  completely  overlap  the  deposits  laid 
down  during  pre-Cherokee  Pennsylvanian  time.  The  continuation 
of  the  Winslow  sandstones  would  naturally  be  sought  in  the  line  of 
strike  of  the  present  outcrop  of  those  rocks.  Allowing  for  the  proba- 
ble curvature  of  the  shore  line  of  the  uplift,  we  should  expect  to  find 
the  buried  extension  somewhere  between  Chelsea,  Nowata,  and  Cof- 
feyville,  Kans.  Similarly,  the  continuation  of  the  Boggy  formation 
would  be  expected  to  lie  parallel  to  the  buried  Winslow,  somewhat 
farther  west,  and  the  Savanna  formation,  if  sedimentation  in  the 
northern  portion  of  the  area  proceeded  as  in  the  southern,  would  be 
sought  to  the  west  of  the  buried  outcrop  of  the  Boggy.  Lenses  of 
sand  with  their  elongation  parallel  to  the  old  shore  line  or  discon- 
nected patches  showing  that  alignment  would  naturally  occur.  Such 
sand  patches,  after  being  overlapped  by  the  Cherokee  shale,  might  be- 
come saturated  with  oil  and  gas  forming  "  pools."  The  linear  group- 
ing of  known  pools  into  belts,  the  discordance  of  such  belts  with  the 
strike  of  outcropping  rocks,  and  the  parallelism  of  these  belts  with  the 
l)re-Clierokee  shore  lines  strongly  suggest  that  they  represent  such 
sand  lenses  and  patches  laid  down  along  those  shore  lines.  If  this  be 
the  fact,  it  has  an  important  bearing  on  the  distribution  qf  the  oil  and 
gas  sands  in  that  the  pools  may  in  general  be  expected  to  develop 
greatest  length  in  a  north-south  direction,  thus  explaining  a  character- 
istic of  the  known  pools  to  which  attention  has  already  been  called. 
Furthermore,  the  upper  contour  of  the  thickened  lenses  of  sandstone 
determines  the  attitude  of  the  succeeding  deposits,  developing  therein 
a  structure  which  may  likewise  influence  the  distribution  of  oil  and 
and  gas.  For  instance,  the  rapid  thickening  toward  the  west  of  the 
sandstone  lentil  in  the  Labette  shale  in  the  vicinity  of  C/Oodys  Bluff 
might  locally  counterbalance  the  normal  westerly  dip,  producing  a 
depositional  feature  in  the  overlying  sediments  akin  to  a  structural 
terrace  or  arrested  anticline.  Sandstones  overlying  an  oil-bearing 
sand  of  pronounced  lens  shape  might  also  be  oil  bearing  over  the 
same  area. 

This  specvdation  as  to  the  origin  of  the  pools  could  be  readily 
proved  or  disproved  by  the  construction  of  several  cross  sections  from 
a  sufficient  number  of  drill  records.     The  records  available  at  this 
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writing  are  not  adequate  to  affirm  or  deny  its  truth.  It  is  a  fact  that 
the  Cherokee,  or,  more  precisely,  the  Pennsylvanian  below  the  Foil, 
Scott  limestone,  thickens  toward  the  southwest.  At  the  outcrop  of 
the  Cherokee  on  the  Kansas  line  the  formation  is  about  500  feet 
thick ;  at  Centralia,  570  feet ;  at  Nowata,  600  feet ;  at  Chelsea,  600  feet ; 
on  the  Verdigris  River  west  of  Chelsea,  700  feet;  at  Claremore,  900 
feet;  at  Catoosa,  920  feet;  and  southeast  of  Tulsa,  700  to  850  feet. 
Two  miles  northwest  of  Coiffeyville,  Kans.,  the  thickness  of  the  Chero- 
kee is  but  440  feet — less  than  it  is  at  the  outcrop  of  the  formation 
farther  east.  This  fact,  however,  is  not  a^fatal  objection  to  the 
idea  of  a  progressive  overlap,  for  the  landward  edge  of  a  marine  sedi- 
mentary deposit  will  ordinarily  be  thicker  than  the  seaward  edge,  and 
there  may  thus  be  a  continual  transgression  without  greatly  increas- 
ing the  vertical  section  at  the  initial  point.  In  fact,  it  might  easily 
happen,  owing  to  more  favorable  conditions  of  erosion  during  its 
deposition,  that  the  overlapping  bed  would  be  thicker  at  its  outcrop 
than  the  combined  overlying  and  overlapped  beds  at  the  initial  point. 
This  involves  the  same  principle  as  that  according  to  which  a  section 
at  right  angles  to  the  shore  line,  measured  across  the  outcropping 
edges  of  a  series  of  deposits,  sums  up  the  maxima  of  thickness  and 
thus  gives  an  exaggerated  idea  of  the  total  thickness  of  the  series. 

In  corroboration  of  this  suggestion,  and  quite  independent  of  any 
consideration  of  the  land  and  water  relations  of  Oklahoma  during 
early  Pennsylvanian  time,  Haworth  ^  points  out  that  "  the  heavy  gas- 
bearing  sandstones  of  Laharpe  and  lola  "  and  "  the  sandstone  and  coal 
at  the  very  base  of  the  Cherokee  and  Cherryvale  "  imply  shore  condi- 
tions at  those  points  just  as  strongly  as  do  the  sandstone  and  coal 
deposits  at  the  margin  of  the  Pennsylvanian,  farther  east. 

COAL. 

A  number  of  beds  of  coal  occur  in  the  Cherokee  formation  and  to 
the  south  in  the  sandstones  and  shales  that  have  been  correlated  with 
the  Cherokee.  These  beds  are  for  the  most  part  thin  and  of  no  great 
linear  extent,  so  far  as  may  be  judged  by  the  openings  and  exposures. 
However,  two  or  possibly  three  of  these  beds  have  been  worked  to 
supply  a  market  more  than  purely  local.  These,  with  other  beds 
higher  in  the  geologic  column,  will  be  briefly  described. 

Bluejacket  coal. — A  bed  of  coal  ranging  from  12  to  16  inches  in 
thickness  has  been  stripped  in  a  small  way  in  a  number  of  places  east 
and  southeast  of  Bluejacket,  and  is  penetrated  by  wells  in  that  town. 
A  higher  bed  occurring  just  beneath  the  sandstone  cap  of  the  hill, 
3  miles  southwest  of  town,  has  been  considerably  mined-  The  area  of 
the  flat  top  of  the  hill  is  about  2  square  miles,  but  the  coal  has  been 
worked  only  along  tlje  west  escarpment.     At 'the  Williams  &  Esry 

»Univ.   Gcol.   Survey   Kansas,   vol.   3,   1898,  p.   30. 
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coal  bank,  in  the  NE.  J  sec.  34,  T.  27  N.,  R.  20  E.,  the  coal  averages  36 
ihches  in  thickness  and  is  underlain  by  2  to  6  inches  of  blue  clay  shale 
which  rests  upon  25  or  30  feet  of  buff  sandstone.  Above  the  coal  is 
an  8  to  10  foot  bed  of  irregularly  bedded  and  curly  sandstone  with 
ironstone  lenses  and  thin  streaks  of  coal.  This  sandstone  ranges  from 
buff  to  red  in  color  and  is  coarse  grained  in  places  and  coarsely 
micaceous. 

The  preceding  description  would  answer  as  well  for  the  other  coal 
banks  on  the  west  bluff  of  the  hill.  The  coal  is  of  good  quality,  and  a 
blocky  variety  with  rusty  joint  planes,  locally  known  as  "  red  coal," 
is  in  especial  demand. 

A  coal  bed  overlain  by  a  similar  coarse-grained  red  sandstone  has 
been  stripped  in  several  places  on  the  ridge  near  the  railroad  2  miles 
north  of  Welch  station.  It  is  very  probably  the  Bluejacket  coal.  The 
sandstone  associated  with  the  coal  does  not  always  form  a  ridge,  a 
fact  which  makes  it  difficult  to  trace. 

In  the  valley  of  Cabin  Creek,  2  miles  west  of  Bluejacket  Hill,  the 
only  coal  reported  is  a  bed  6  inches  thick  which  can  hardly  represent 
the  Bluejacket  coal.  Three  miles  farther  west,  near  the  junction  of 
the  middle  and  west  forks  of  Cabin  Creek,  a  bed  of  coal  18  to  24 
inches  thick  has  been  opened  in  a  number  of  places  and  stripped  to 
a  considerable  amount.  It  is  more  likely  that  this  is  the  continuation 
of  the  Bluejacket  bed. 

About  6  miles  southwest  of  Bluejacket  Hill,  in  sec.  13,  T.  20  N., 
R.  19  E.,  coal  32  to  30  inches  in  thickness  is  reported.  This  is  on  the 
line  of  strike  of  the  Bluejacket  coal  and  is  probably  that  bed. 

Coarse  dark-red  sandstone  forms  a  north-south  escarpment  4  miles 
east  of  Chelsea,  crossing  the  railroad  at  Catale  and  bearing  northeast- 
ward along  the  railroad  for  several  miles.  A  mile  east  of  Catale  two 
shafts  are  sunk  to  a  bed  of  coal  which  ranges  in  thickness  from  32  to 
30  inches.  This  coal  is  about  150  feet  below  the  sandstone,  which  in 
appearance  much  resembles  the  sandstone  over  the  Bluejacket  coal. 
An  outlier  of  similar  sandstone,  with  coal  croppings  reported  beneath 
it,  lies  midway  between  Catale  and  Big  Cabin. 

In  sec.  31,  a  mile  south  of  Chelsea,  and  in  the  SW.  J  sec.  1,  3  miles 
south  of  Chelsea,  there  are  a  number  of  old  pits  where  a  bed  of  coal 
about  10  inches  thick  was  stripped  to  a  considerable  extent.  The 
relation  of  the  coal  to  the  coarse  red  sandstone  was  not  made  out,  but 
they  are  evidently  not  separated  by  a  very  great  vertical  interval. 
It  is  rather  probable  that  the  coal  comes  just  under  the  sandstone,  in 
that  case  corresponding  more  closely  to  the  Blnejacket  coal  than  the 
coal  mined  at  Catale.  The  coarse  red  sandstone  outcrop  was  followed 
southward  to  a  point  about  12  miles  from  Chelsea,  but  no  exposures 
of  coal  were  reported; 
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Goal  near  Boynton, — Coal  from  12  to  16  inches  thick  outcrops  on 
Pecan  Creek  8  miles  east  of  Boynton.  Another  bed  from  14  to  22 
inches  thick  has  been  opened  in  a  number  of  places  on  the  tributaries 
of  Cloud  Creek  both  south  and  east  of  Boynton.  A  bed  of  similar 
thickness  has  been  stripped  and  mined  considerably  on  Dog  Creek, 
near  Wellington,  1  and  2  miles  northwest  of  Boynton.  On  practically 
all  the  tributaries  of  Cane  Creek  in  the  territory  northwest  of  Boyn- 
ton there  are  coal  outcrops  from  16  to  26  inches  in  thickness.  In  sec. 
19,  T.  14  N.,  R.  15  E.,  at  the  Renty  bank,  the  coal  is  reported  to  be 
4  feet  thick.     Considerable  coal  has  been  taken  out  at  this  opening. 

Fort  Scott  coal, — In  the  Kansas  reports  the  term  Fort  Scott  is  ap- 
plied to  the  bed  of  coal  in  the  Cherokee  formation  a  short  distance 
below  the  Fort  Scott  limestone.  It  is  here  taken  to  include  as  well  the 
coal  which  is  found  interstratified  with  the  latter  formation.  From 
the  vicinity  of  Centralia  northeastward  to  the  Kansas  line,  an  18  to  22 
inch  bed  of  coal  has  been  stripped  at  short  intervals.  On  the  point 
of  the  bluff  east  of  Centralia  the  coal  underlies  a  bed  of  limestone  with 
numerous  Fusulina^  being  separated  from  it  by  5  feet  of  shale.  There 
is  another  bed  of  limestone  a  short  distance  below  the  coal.  This 
lower  limestone  persists  about  halfway  to  the  Kansas  line,  to  a  point 
in  the  vicinity  of  Kinnison,  where  it  disappears.  Beyond  that  point 
the  coal  occurs  below  the  limestone  series,  in  a  position  analogous  to 
that  of  the  Fort  Scott  coal  in  Kansas.  From  Centralia  to  Catoosa, 
as  pointed  out  in  the  section  on  stratigraphy,  there  are  two  beds  of 
coal  associated  with  the  Fort  Scott.  They  range  from  1  to  2  feet  in 
thickness  and  have  been  stripped  in  numerous  places. 

In  surface  wells  in  Catoosa  coal  is  penetrated  beneath  the  upper 
limestone  of  the  Fort  Scott  formation.  Three  miles  southeast  of 
Catoosa,  mainly  in  the  NE.  i  sec.  33,  T.  20  N.,  R.  15  E.,  there  are 
several  large  strip  pits  connected  with  the  railroad  at  Catoosa  by  a 
tramway.  The  coal,  which  ranges  from  18  to  24  inches  in  thickness, 
is  of  good  quality  and  has  been  extensively  mined.  This  bed  is 
distinct  from  the  coal  mentioned  as  underlying  the  town  of  Catoosa, 
and  occurs  beneath  a  lower  limestone. 

At  Evans,  4  miles  east  of  Broken  Arrow,  there  are  extensive  strip 
pits  reached  by  a  3-mile  spur  from  the  Missouri,  Kansas  and  Texas 
Railway.  The  coal  averages  from  24  to  28  inches  in  thickness,  with 
a  maximum  of  40  inches.  It  is  overlain  by  15  to  18  feet  of  blue 
shale,  which  is  capped  by  a  thin  limestone  weathering  yellow.  A 
3  to  5  foot  bed  of  shelly  reddish  limestone  outcrops  in  the  draw  near 
the  store,  and  is  apparently  several  feet  beneath  the  coal,  with  fire 
clay  in  the  interval. 

Southwest  of  Evans  the  outcrop  of  the  coal  is  traceable  by  scat- 
tered exposures  as  far  as  Arkansas  River.  No  coal  is  known  to 
occur  beneath  the  limestone  at  Wealaka.    It  is  present,  however, 
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in  the  bluffs  of  Concharty  Mountain,  and  near  the  township  comer 
southeast  of  Wealaka,  where  it  has  been  opened,  it  has  a  thickness  of 
18  inches.  From  this  point  to  Baldhill  the  outcrop  was  not  followed. 
Henryetta  coal, — Several  outcrops  of  coal  near  Baldhill,  having 
a  thickness  of  16  to  18  inches,  presumably  represent  the  coal  below 
the  Fort  Scott,  and  they  almost  certainly  are  equivalent  to  the 
Henryetta  coal,  as  their  outcrops  occur  within  a  mile  or  so  of  that 
bed,  at  nearly  the  same  elevation,  in  rocks  practically  flat.  The 
following  notes  are  quoted  from  Taff's  description  of  this  coal  at 
the  type  locality  r** 

The  bed  is  3  feet  thick  and  mines  in  block,  separating  into  two  or  three 
benches  along  stratification  lines  of  distinct  cleavage.  In  the  soathemmost 
strip  pits  east  of  the  town  a  shale  parting  was  discernible  near  the  middle  of 
the  coal.  Three  and  one-half  miles  southeast  of  Henryetta  an  outcrop  of  the 
coal  shows  that  the  shale  parting  has  increased  to  10  inches,  separating  the 
bed  into  two  benches,  the  upper  12  to  15  inches,  and  the  lower  15  to  20  inches 
In  thickness.  At  the  mines  2  miles  north  of  Henryetta,  2  miles  southeast  of 
Schulter,  and  east  of  Okmulgee,  the  Henryetta  coal  maintains  its  thickness  of 
3  feet  to  3  feet  4  inches  and  shows  no  appreciable  changes  in  "character 
except  the  presence  of  a  thin  shale  in  the  openings  near  Okmulgee.  The 
outcrop  has  been  traced  between  these  localities  and  to  a  point  6  miles  east  of 
Okmulgee. 

Dawson  coed, — When  the  upper  limestone  of  the  Parsons  is  traced 
southward  from  Nowata,  it  is  found  to  thin  out  and  disappear  in  the 
vicinity  of  Watova,  but  a  thin  bed  of  coal  makes  its  appearance  100 
feet  or  so  below  the  horizon  of  the  limestone  and  is  traceable  far  to  the 
southwest.  At  Sunday's  coal  bank,  3  miles  northwest  of  Oologah, 
there  was  a  great  deal  of  coal  taken  out  formerly,  though  the  bank 
is  now  practically*  abandoned.  The  thickness  is  reported  to  range 
from  26  to  30  inches.  Three  miles  south  of  west  of  Oologah,  near 
the  southwest  corner  of  sec.  30,  T.  23  N.,  R.  15  E.,  there  are  several 
pits  where  considerable  coal  has  been  raised  from  a  bed  30  inches 
thick.  This  bed  outcrops  at  short  intervals  between  that  locality  and 
Collinsvillc.  Through  this  distance  and  at  Collinsville  it  is  from  18 
to  20  inches  thick.  In  the  vicinity  of  the  latter  place  it  has  been 
stripped  along  the  valley  of  Middle  Branch  in  a  practically  continu- 
ous line  from  Horsepen  Creek  to  a  point  4  miles  farther  south.  The 
next  exposure  reported  is  3  tniles  due  west  of  Owasso,  where  two 
small  strip  pits  on  the  west  side  of  a  small  stream  have  opened  a*  coal 
bed  24  inches  thick.  The  next  exposures  are  south  of  the  wide  valley 
of  Bird  Creek.  From  Flat  Rock  Creek  through  Mohawk  to  Dawson, 
a  distance  of  over  3  miles,  the  outcrop  is  very  closely  stripped  and 
several  shafts  from  32  to  G4  feet  in  depth  reach  the  coal  at  points 
where  it  is  too  deep  for  stripping.  The  average  thickness  in  this 
region  is  about  2G  inches.    At  Scales  the  coal  has  been  and  is  exten- 

"Taflf,  J.  A.,  Bull.  U.  S.  Gcol.  Survey  No.  260,  1905,  p.  396. 
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sively  mined  in  strip  pits  and  by  slopes.    The  thickness  here  averages 
32  inches.    The  coal  has  been  somewhat  prospected  in  places  for  2  or 
3  miles  southwest  of  Scales,  beyond  which  it  passes  beneath  the  allu- 
.  vial  deposits  of  the  Arkansas  River  valley. 

The  following  notes  on  the  occurrence  of  this  bed  southwest  of 
Tulsa  are  quoted  from  Taflf :  ^ 

Outcropping  in  association  with  the  coal  on  the  west  and  occurring  nearly  90 
feet  above  It  is  a  thin  bed  oif  light-blue  limestone  which  weathers  to  a  bright 
yellow  color.  The  outcrop  of  this  limestone  has  been  mapped  from  Tulsa  south- 
westward  nearly  50  miles  and  beyond  the  known  occurrence  of  the  coal.  This 
peculiar  limestone  is  easily  recognized  and  its  outcrop  is  a  ready  reference  in 
locating  the  coal.  The  Dawson  coal  is  here  unusually  clean  for  a  bituminous 
coal.  It  mines  in  block,  separating  near  the  middle  along  a  distinct  bedding 
plane,  and  resembles  very  closely  the  Henryetta  coal  In  physical  characteristics. 
A  very  thin  parting  of  bony  coal  occurs  near  the  center,  separating  the  bed 
into  two  benches.  The  shale  gradually  grows  thicker  southward,  reaching 
about  4  inches  near  Mounds.  It  continues  to  increase  southward  beyond 
Mounds  at  the  expense  of  the  coal  until  the  latter  has  decreased  to  8  inches 
northwest  of  Beggs.  South  of  Mounds  the  Dawson  coal  is  not  known  to  be 
of  any  commercial  value.  ♦  ♦  ♦  At  points  6  and  9  miles  south  of  Red 
Fork  the  coal  is  2  feet  6  inches  to  3  feet  4  inches  thick,  and  3  feet  4  inches, 
respectively,  where  strippings  have  been  made.  Two  miles  northeast  of  Mounds 
the  Dawson  coal  is  2  feet  2  inches  to  2  feet  6  inches  thick  and  contains  a 
parting  of  shale  near  the  middle. 

PORTLAND  CEMENT  MATERIALS. 
OCCURRENCE    AND    ClfARACTER. 

The  formations  which  make  up  the  Penhsylvanian  column  in  the 
northeastern  part  of  Oklahoma  comprise  an  alternating  series  of 
limestones  and  sandstones  with  intervening  shales,  the  whole  dipping 
gently  to  the  north  of  west.  The  limestones  and  sandstones,  being 
more  resistant  to  the  effects  of  erosion  than  the  shale,  tend  to  form 
long  gentle  westward  dip  slopes,  with  steeper  eastern  slopes  of  shale, 
the  harder  rock  outcropping  along  the  crest  of  the  ridge.  Where 
this  rock  is  limestone  which  has  been  protected  from  weathering 
by  a  thin  covering  of  shale,  the  essential  materials  are  in  the  most 
favorable  position  for  cement-plant  sites.  Where,  in  addition,  ade- 
quate supplies  of  fuel,  especially  natural  gas,  and  good  transporta- 
tion facilities  are  available,  the  climax  of  advantageous  position  has 
been  reached.  It  is  to  just  such  a  fortunate  combination  of  advantages 
that  the  rapid  increase  in  the  number  of  cement  plants  in  the  adjoin- 
ing parts  of  Kansas  is  due.  That  a  like  development  will  overtake 
the  eastern  part  of  Oklahoma  is  not  to  be  doubted. 

In  the  semicircular  area  of  the  outcrop  of  the  Mississippian  rocks 
contiguous  deposits  of  suitable  shale  and  limestone  will  not  often  be 

•Op.  cit.,  pp.  396-397. 
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found,  except  along  the  border  of  the  Pennsylvanian,  where  the  pure 
limestones  of  the  Chester  are  in  association  with  the  shales  of  the 
Pennsylvanian.  Away  from  the  border  the  limestone  of  the  Mis- 
sissippian  is  ordinarily  interstratified  with  too  much  flint  to  be  avail- 
able. Near  the  base  of  the  Mississippian,  however,  overlying  the 
Chattanooga  shale,  there  is  a  bed  of  encrinital,  coarsely  crystalline 
limestone,  the  St.  Joe  member,  which  is  in  general  quite  free  from 
chert.  No  doubt  the  limestone  and  shale  could  be  combined  in  suit- 
able proportion  to  make  Portland  cement.  Owing  to  the  fact  that 
the  limestone  and  shale  are  exposed  only  where  the  body  of  the  Mis- 
sissippian rocks  is  cut  through,  they  usually  outcrop  near  the  valley 
bottoms,  as  a  rule  in  places  unfavorable  for  economical  quarry- 
ing. Furthermore,  the  localities  of  outcrop  in  the  main  have  poor 
transportation  facilities  and  are  rather  distant  from  fuel  supplies. 
It  is  not  likely,  therefore,  that  cement  plants  will  be  located  in  this  area 
under  the  present  conditions;  that  is  to  say,  without  a  betterment 
of  transportation  facilities  and  the  discovery  of  nearer  supplies  of 
fuel.- 

Along  the  contact  of  the  Mississippian  and  the  Pennsylvanian 
there  are  many  suitable  locations  for  cement  plants.  The  limestones 
of  the  Chester  are  generally  heavy  bedded,  of  good  quality,  and  from 
20  to  40  feet  in  thickness.  The  basal  formations  of  the  Pennsylva- 
nian— the  Cherokee  at  the  north  and  the  Winslow  at  the  south — con- 
sist largely  of  shale  generally  suitable  for  Portland  cement  manu- 
facture. From  Wagoner  northeastward  the  contact  of  the  two  series 
is  in  general  not  more  than  5  or  G  miles  from  a  railroad,  and  at  many 
points  closely  coincides  with  one.  The  remaining  factor  is  fuel.  Good 
supplies  of  natural  gas  can  be  found  within  20  or  25  miles  of  any 
point  along  the  contact  between  Wagoner  and  Vinita.  Northeast  of 
Vinita  the  distance  to  the  gas  fields  is  greater. 

In  the  area  between  the  contact  which  has  just  been  described  and 
the  outcrop  of  the  Fort  Scott  limestone — that  is,  in  the  area  under- 
lain by  the  Cherokee  formation  and  its  southern  equivalents — there 
are  few  if  any  beds  of  limestone  of  workable  thickness,  and  conse- 
quently a  lack  of  available  sites  for  cement  manufacture. 

The  map  (PL  II)  shows  that  there  are  in  the  area  lying  west  of 
the  outcrop  of  the  Fort  Scott  limestone  a  series  of  limestones  with 
outcrops  parallel  to  that  of  the  Fort  Scott  and  extending  for  varying 
distances  to  the  southwest.  These  limestones  themselves  consist  in 
places  of  different  members  separated  by  beds  of  shale.  In  addition 
there  are  various  limestone  lenses  whose  outcrops  are  not  shown  on 
the  map. 

The  outcrop  of  the  Fort  Scott  limestone  in  Kansas  is  marked  by 
many  cement  manufactories.  The  formation  is  made  up  of  several 
limestone  and  shale  members,  and  some  of  these  limestone  beds  out- 
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crop  along  the  streams  to  the  west  of  the  line  marked  on  the  map, 
which  shows  only  the  east  edge  of  the  formation.  Below  the  lower 
limestone  member  is  a  bed  of  coal,  which,  as  already  noted,  has  been 
mined  at  short  intervals  throughout  the  length  of  the  outcrop  from 
the  Kansas  line  to  Arkansas  River,  and  which,  if  not  the  exact  equiva- 
lent of  the  Henryetta  coal,  is  not  far  from  it.  The  area  of  outcrop  of 
the  Fort  Scott  formation  coincides  in  part  with  the  Alluwe-Coodys 
Bluff,  Sageeyah,  and  Catoosa  fields,  and  is  not  far  from  the  Morris 
field.  The  formation  is,  therefore,  well  situated  as  to  supplies  of 
natural  gas.  From  Catoosa  northward  to  a  point  a  few  miles  beyond 
Chelsea  the  outcrop  is  but  a  short  distance  from  the  Frisco  Railway. 
North  of  that  point  branch  railways  would  be  necessary  for  the  com- 
mercial manufacture  of  Portland  cement  along  the  outcrop  of  this 
limestone. 

The  Pawnee  limestone,  a  massive  bed  forming  the  escarpment  on 
the  west  bluff  of  Big  Creek  and  Verdigris  River,  reaching  from  the 
Kansas  line  southward  to  and  beyond  Catoosa,  is  well  situated  for 
cement  manufacture  from  the  vicinity  of  Nowata  southward.  North 
of  this  point  the  outcrop  swings  some  distance  to  the  east  of  the  rail- 
way. The  line  of  outcrop  diagonally  crosses  the  Alluwe-Coodys  Bluff 
field  and  passes  near  the  Sageeyah  and  other  fields,  small  as  at  pres- 
ent developed,  which  occur  at  intervals  from  Nowata  to  Broken 
Arrow.  The  new  cement  plant  planned  at  Nowata  is  to  be  located 
upon  this  formation. 

The  upper  and  lower  limestones  of  the  Parsons  formation  where 
they  cross  the  Kansas  line  are  of  suitable  quality  and  thickness  to  be 
used  for  Portland  cement.  To  the  south  the  upper  limestone  becomes 
argillaceous  and  probably  is  not  available  for  such  use  south  of  Dela- 
ware, except  from  Tulsa  toward  the  southwest.  The  lower  limestone 
of  the  Parsons  north  of  Delaware  is  for  the  most  part  too  far  from 
railway  facilities  to  be  of  much  value  from  the  cement  standpoint  at 
present,  but  from  Delaware  southward  to  a  point  near  Arkansas 
River  it  lies  convenient  to  railways  and  to  supplies  of  natural  gas. 

Between  the  upper  limestone  of  the  Parsons  and  the  Wilson  sand- 
stone there  are  a  number  of  lentils  of  limestone  that  outcrop  in  sev- 
eral localities  between  Nowata  and  the  Kansas  line.  They  appar- 
ently represent  the  Dennis  or  Mound  Valley  limestone  lentils  of  the 
Coffey ville  formation.  The  Drum  limestone  of  Kansas  thins  out  and 
disappears  within  half  a  mile  south  of  the  State  line  and  was  not 
seen  again  farther  south.  The  limestone  that  is  to  be  used  at  the 
proposed  Tulsa  cement  plant  outcrops  southward  to  and  far  beyond 
Mounds  and  may  be  correlated  with  one  of  those  lentils,  though  the 
probabilities  seem  to  favor  its  being  the  upper  limestone  of  the 
Parsons. 
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Limestone  outcrops  about  Dewey  and  Bartlesville  and  in  the 
escarpment  which  stretches  southward  along  the  line  between  the 
Cherokee  and  Osage  nations — that  is,  the  ninety-sixth  meridian — and 
crosses  Arkansas  River  10  miles  or  so  above  Tulsa.  To  judge  from  its 
position,  this  limestone  represents  the  Piqua  limestone,  which,  thinning 
from  45  feet  in  the  northern  part  of  the  Independence  quadrangle, 
Kansas,  to  2  or  3  feet  at  the  State  line,  probably  thickens  again 
toward  the  south. 

PORTLAND    CEMENT   PLANTS. 

The  Dewey  Portland  Cement  Company  has  recently  completed  a 
plant  at  Dewey  with  a  daily  capacity  of  about  2,500  barrels.  This 
plant  has  five  rotary  kilns,  each  8  feet  in  diameter  and  100  feet  in 
length.  The  machinery  is  driven  by  electricity  throughout,  the 
power  being  furnished  by  gas  engines  using  natural  gas.  The  lime- 
stone used  is  probably  the  Piqua  member,  as  suggested  above,  and 
the  shale  probably  belongs  to  the  Buxton  formation.  There  is  also 
considerable  shaly  material  interbedded  with  the  limestone,  and  when 
necessary  some  residual  clays  are  used  in  addition  to  give  the  right 
constitution  to  the  clay.  On  account  of  the  variations  in  the  quarry, 
no  set  ratio  of  limestone  to  shale  can  be  given.  The  plant  is  situated 
in  an  excellent  gas  field,  where  the  wells  are  noted  for  their  large 
capacity,  some  of  them  yielding  upward  of  50,000,000  cubic  feet  per 
day.  There  is  switch  connection  with  both  the  Santa  Fe  and  the 
Missouri,  Kansas  and  Texas  railways.  Analyses  of  the  limestone  and 
shale  are  <riven  in  the  table  on  paiije  222.  The  following  analysis  of 
the  cement  is  given  on  the  authority  of  the  company's  chemist,  P.  R. 
Chaml)erlin : 

Anahj.si.^t  of  cement  made;  at  Dewey  plant. 

Silica  (SiOO 2.3.31 

Alumina   (AUh) 6.79 

Ferric  oxide  (Fe-O.) 2.90 

Lime    (CaO) 63.38 

Magnesia   (MgO) 1.54 

Sulpluir  trioxide  (SOa) 1.68 

99.60 

The  Tulsa  Portland  Cement  Company  proposes  to  build  a  plant  4 
miles  west  of  Tulsa,  on  the  south  side  of  Arkansas  River.  The  lime- 
stone bed,  probably  the  upper  limestone  of  the  Parsons,  is  85  feet 
thick  and  overlies  the  shale  at  an  elevation  of  more  than  100  feet  above 
the  bottom  upon  which  the  plant  is  to  be  built,  enabling  the  material 
to  be  handled  by  gravity.  The  capacity  will  be  2,500  barrels  daily, 
with  five  rotary  kilns,  each  8  feet  in  diameter  and  125  feet  in  length. 
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All  machinery  will  be  driven  by  electricity  generated  by  gas  engines. 
Ample  supplies  of  gas  are  available  in  the  vicinity.  The  plant  is 
situated  on  a  connecting  lipe  of  the  Frisco  system  and  has  ample  rail- 
road facilities.  Analyses  of  the  limestone  and  shale  are  given  in  the 
table  on  page  222,  and  show  the  proper  ratio  of  lunestone  to  shale  to 
be  100  to  24.  The  preliminary  tests  with  this  ratio,  made  by  the  de- 
partment of  experimental  engineering  of  Cornell  University,  gave  a 
cement  of  this  composition : 

Analysis  of  test  cement  made  from  materials  to  he  used  in  Tulsa  Portland 
Cement  Company's  plant. 

Smca  (SiOa) 21. 22 

Alumina  (AhOa) 11.09 

Lime  (CaO) 62.57 

Magnesia   (MgO) 1.33 

Sulphur  trioxide  (SOs) 1.19 

98.  30 

Another  Portland  cement  plant  is  projected  at  the  quarries  of 
the  Tulsa  Limestone  Ballast  Company,  1^  miles  west  of  the  locality 
just  described. 

The  British- American  Portland  Cement  Company  is  promoting 
a  2,500-barrel  plant  near  Nowata.  The  site  chosen  is  about  3  miles 
east  of  the  town,  in  the  valley  of  Verdigris  River.  The  Pawnee 
limestone  outcrops  in  the  bluff,  a  section  of  which  was  measured 
along  the  road  at  the  south  side  of  sec.  22,  T.  26  N.,  R.  16  E.,  about 
a  mile  north  of  the  proposed  site,  as  follows : 

Section  of  west  hluff  of  Verdigris  River  cast  of  Nowata, 

Feet. 
Shelly  blue  limestone,  weathering  yellow,  chert  scatteteil  over 

surface ^ 2-10 

Bluish  clay  shale 35 

Heavy-bedded,  fine-grained  gray  limestone;  no  chert 7 

Black  shale 5 

Blue  fine-grained  limestone;  some  interbedded  shale  in  lower 
part;  no  chert 14* 

Black  shale  to  river  bottom 11 

The  lower  two  limestone  beds  belong  to  the  Pawnee  formation.  To 
the  southeast  the  strata  rise  gently,  and  a  massive  sandstone,  30  to  40 
feet  thick,  is  exposed  about  40  feet  below  the  lower  limestone.  It 
is  proposed  to  pipe  natural  gas  from  the  field  14  miles  west  of  this 
site  and  after  the  exhaustion  of  the  gas  to  use  crude  petroleum  from 
the  AUuwe-Coodys  Bluff  field,  within  the  limits  of  which  the  plant 
is  to  be  located.  The  analyses  of  the  limestone  and  shale  are  given 
in  the  table  (p.  222).     These  indicate  a  ratio  of  limestone  to  shale  of 
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100  to  26.    The  test  cement  made  with  this  ratio,  as  analyzed  by 
J.  Robert  Moechel,  has  the  following  composition : 

Analysis  of  test  cement  made  from  materials  to  he  used  in  plant  near  Nawata, 

SUica  (SiOa) 23.58 

Alumina   (AlaO») 8.04 

Ferric  oxide  (Fe^Os) 3.12 

Lime  (CaO) 63.40 

Magnesia    (MgO) 1.20 

Sulphur  trioxide  (SOs) .45 

Alljalies  (NaA  K2O) Trace. 

Ignition .  19 


99.98 


The  subjoined  table  includes  analyses  of  the  constituent  materials 
of  cements  for  the  plants  described  in  the  foregoing  paragraphs : 

Analyses  of  Portland  cement  materials. 
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5. 

4.3 
1.2 
1.2 
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0.6 

Tr. 

Shales. 

1. 
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l.n 

92.02 

f. 

^ 

4. 

.71 

6. 

7. 

8. 

59.40 
20.34 

6.78 
.28 

1.69 

9.     1    10.    1    11. 
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1.52 

1.11 

2.m 
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1.29 
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21.02 

9.86 

.32 

3.37 

16.89      20.1 
8.63       6.4 
4.18       1.6 
2.59         .7 

^„,-,      .Oi 

.50,     Tr. 

_ 

1 

1.08 

6.1 

LiO^   etc 

.4    12.40 

17.00 

99.24 

1M),99 

39.72 

09.G6 

99.6 

98.98 

97.78 

88.49 

90.651  97.06      97.4 

1.  6,  7.  From  quarries  of  Dewey  Portlnnd  Cement  Company,  Dewey.     Analyses  on  authority 
of  P.  R.  Chamberlin. 

2,  3,  8,  9.  From  proposed  site  of  Tulsa  Portland  Cement  Company,  near  Tulsa.     Analyses  by 
department  of  experimental  engineering  of  Cornell  Unirersity,  Ithaca,  N.  Y. 

4,  5,  10,  11.  From  proposed  site  of  British-American  Portland  Cement  Company,  near  Nowata. 
Analyses  by  J.  Robert  Moechel,  Kansas  City,  Mo. 


BUILDING  STONE. 

The  northeastern  portion  of  Oklahoma  is  well  supplied  with  build- 
ing stones — limestone,  sandstone,  and  granite.  The  following  notes 
relate  to  formations  and  sites  suitable  for  quarrying  on  a  commercial 
scale  with  adequate  machinery,  and  comprise  such  as  came  to  the 
notice  of  the  writer  during  his  reconnaissance.  Rock  suitable  for 
supplying  small  local  demands  can  be  found  almost  anywhere  within 
a  mile  or  so  of  the  place  where  it  is  wanted. 

Spavinaw  dike  rock, — In  the  vicinity  of  Spavinaw  the  Ordovician 
rocks  are  intruded  by  a  reddish  granitic  dike,  75  feet  or  more  in 
width,  which  outcrops  in  three  places  in  an  approximately  straight 
line.  If  the  outcrops  are  connected  beneath  the  soil  covering,  the 
total  length  of  the  dike  is  about  1,800  feet.  At  any  rate,  there  is  in 
sight  enough  rock  to  supply  several  quarries  for  a  long  time.  The 
stone  has  a  pleasing  warmth  of  color  and  w^ould  doubtless  make  a 
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durable  building  stone.  It  is  well  situated  for  quarrying  and  needs 
only  railway  facilities  to  become  a  valuable  deposit. 

Boone  limestone, — At  the  base  of  the  Boone  formation,  just  above 
the  Chattanooga  shale,  the  upper  part  of  the  St.  Joe  member  usually 
shows  from  10  to  15  feet  of  solid  gray  crystalline  limestone,  which, 
though  it  has  a  flaggy  appearance  on  the  outcropping  edge,  is,  as  a 
matter  of  fact,  of  massive  character  and  breaks  off  in  blocks  the  full 
thickness  of  the  ledge.  Where  favorably  situated  for  quarrying  this 
rock  will  be  found  well  adapted  for  all  monumental  or  building  pur- 
poses. It  is  called  the  St.  Joe  marble  in  the  reports  of  the  Geological 
Survey  of  Arkansas. 

About  200  feet  above  the  base  of  the  Boone  formation,  30  or  40 
feet  below  the  Short  Creek  oolite  member,  there  is  usually  a  ledge  of 
massive  limestone  from  12  to  25  feet  or  more  in  thickness.  This  bed 
is  free  from  chert  and  generally  free  from  stylolitic  seams,  so  that 
blocks  of  any  desired  size  can  be  quarried  from  it. 

The  Short  Creek  oolite  member  reaches  a  thickness  of  8  to  10  feet 
in  the  vicinity  of  Wyandotte,  Okla.,  and  Seneca,  Mo.,  where  it  has 
been  quarried  to  some  extent.  Where  cemented  firmly  enough  to  be 
durable,  its  massive  character  and  light  color  would  give  it  value  for 
trimmings  and  ornamental  purposes.  A  perfect  oolite,  it  is  texturally 
a  beautiful  stone. 

An  item  to  be  taken  into  account  in  considering  for  quarry  pur- 
poses any  of  these  limestones  of  the  Boone  formation  is  that  they 
generally  outcrop  in  high,  steep  slopes  upon  which  the  cost  of  strip- 
ping in  a  quarry  would  soon  become  prohibitive. 

Chester  group^  limestone  and  sandstone, — The  several  limestones 
and  sandstones  of  the  Chester  group  for  the  most  part  outcrop  on  the 
flats  and  hilltops.  At  the  base  of  the  group  there  is  a  series  of 
flaggy,  sandy  limestones,  which,  on  account  of  ease  in  quarrying, 
have  generally  supplied  the  local  demand.  Near  the  top  of  this 
series  lies  a  thin  laminated  calcareous  sandstone  with  oolitic  spherules 
along  the  partings.  This  stone  splits  into  wide,  thin  sheets  suitable 
for  flagging,  and  into  thicker  layers  that  are  good  for  building 
purposes.  The  more  massive  sandstones  and  limestones  of  the  upper 
part  of  the  Chester  have  also  been  quarried  here  and  there. 

Cherokee  and  related  sandstones. — Massive  to  heavy-bedded  sand- 
stones suitable  for  quarrying  occur  at  many  places  in  the  area  oc- 
cupied by  the  outcrops  of  the  Cherokee  formation  and  of  the  related 
formations  to  the  south.  Only  the  more  flaggy  of  these  sandstones 
have  been  opened  up  to  supply  local  demands,  for  the  reason  that 
machinery  is  necessary  to  operate  a  quarry  in  the  massively  bedded 
rocks. 

Four  miles  northwest  of  Vinita,  in  the  NW.  \  sec.  5,  T.  25  N.,  R. 
20  E.,  there  is  a  quarry  working  a  bed  of  massive  fine-grained  buff 
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sandstone.  This  stone  is  largely  used  in  Vinita.  The  same  bed 
outcrops  2  miles  northwest  of  Bluejacket  and  2  miles  southwest  of 
Welch. 

The  ridge  4  miles  west-southwest  of  Pryor  Creek  is  capped  by  a 
45-foot  ledge  of  soft  buff  fine-grained  nonmicaceous  even-textured 
sandstone.  The  rock  is  massive  and  blocks  as  large  as  a  house  break 
off  and  roll  down  the  hill.  To  all  appearances  it  is  well  adapted 
to  quarrying  purposes  and  would  furnish  blocks  as  large  as  could  be 
handled. 

A  very  similar  sandstone  is  exposed  in  the  south  bluff  of  Arkansas 
River  midway  between  Wealaka  and  Haskell,  outcroping  for  some 
distance  just  above  the  level  of  the  river,  adjacent  to  the  railroad. 
It  forms  a  bench  and  over  considerable  areas  would  require  very 
moderate  stripping.  It  is  more  than  30  feet  thick  and  is  a  soft, 
massive,  fiiie-grained  sandstone  suitable  for  quarrying  by  machinery. 

Sandstone  lentil  in  the  Labette  shale. — A  soft,  massive  buff  sand- 
stone 15  feet  in  thickness  outcrops  in  the  bluff  1  mile  southeast  of 
Coodys  Bluff  post-office.  A  similar  sandstone  30  to  40  feet  thick  is 
exposed  in  the  west  bluff  of  Verdigris  River  2  miles  west  of  the  post- 
office.  In  both  places  it  is  suitable  for  quarrying  purposes.  Farther 
north  this  sandstone  occurs  in  Centralia  Mound,  and  to  the  south  it 
outcrops  in  the  bluff  east  of  Talala  and  Oologah. 

Pawnee  and  overlying  formatio'as. — ^The  Pawnee  limestone  occurs 
massively  in  some  places  and  is  available  for  rough  masonry,  but  as 
a  rule  is  not  suitable  for  general  building  purposes  on  account  of  its 
roughness  and  irregular  texture. 

Various  other  sandstones  and  limestones  lying  higher  in  the  Penn- 
sylvanian  series  have  been  used  locally  in  the  western  part  of  the 
area.  In  the  west  bluff  of  Fourmile  Creek,  a  mile  west  of  Oologah, 
a  heavy  sandstone,  showing  large  blocks  on  the  outcrop,  has  been 
quarried  more  or  less.  It  lies  between  the  Dawson  coal  and  the 
horizon  of  the  upper  limestone  of  the  Parsons.  In  the  vicinity  of 
Seminole  station,  G  miles  north  of  Lenapah,  a  sandstone  belonging  to 
the  Coffeyville  formation  outcrops  in  large  blocks  and  would  be  suit- 
able for  quarry  purposes.  A  mile  southwest  of  Mounds  a  quarry  has 
been  opened  in  the  heavy  buff  sandstone  which  forms  the  long  escarp- 
ment west  of  that  place. 

BRICK  CLAYS  AND  SHALES. 

Surface  clays  for  the  manufacture  of  common  brick  and  shales 
suitable  for  vitrified  brick  can  be  found  in  any  part  of  the  area  occu- 
pied by  the  Pennsylvanian  rocks.  AVliere  such  deposits  are  within 
a  convenient  distance  of  transportation  lines  and  have  available  a 
plentiful  supply  of  natural-gas  fuel,  they  are  well  situated  for  the 
extensive  manufacture  of  such  brick.  It  stands  to  reason  that  in  a 
nev^y  rapidly  growing  community  with  little  timber  these  advantages 
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will  lead  to  the  establishment  of  a  thriving  industry,  such  as  char- 
acterizes the  corresponding  part  of  Kansas.  Plants  for  the  manu- 
facture of  vitrified  brick  are  in  operation  at  Bartlesville,  Muskogee, 
Tulsa,  and  elsewhere,  and  numerous  brick  and  tile  plants  are  scat- 
tered over  the  area. 

WATER  RESOURCES. 
GENERAL   CONDITIONS. 

The  area  underlain  by  the  Mississippian  rocks  is  abundantly  sup- 
plied with  water.  Innumerable  fine  bold  springs  gush  from  the  chert 
bluffs  of  the  Boone  formation,  and  all  the  larger  and  many  of  the 
smaller  valleys  contain  perennial  streams  of  clear  pure  water.  Near 
the  mouth  of  Salina  Creek  an  exception  to  the  rule  occurs  in  the  brine 
springs  and  shallow  salt  wells  which  were  the  site  of  a  primitive  salt 
industry  in  pioneer  days. 

In  parts  of  the  area  underlain  by  Pennsylvanian  rocks,  however, 
the  problem  of  obtaining  a  good  water  supply  is  perplexing.  So  much 
of  the  country  is  underlain  by  shale,  which  sheds  the  rainfall  instead 
of  storing  it,  that  in  a  season  of  drouth  the  shallow  wells  and  small 
streams  go  dry.  At  the  same  time  Caney  and  Verdigris  rivers,  to- 
gether with  the  smaller  streams  flowing  through  the  area,  are  apt  to 
have  obnoxious  quantities  of  oil  floating  on  their  surfaces.  Where 
sandstone  or  limestone  can  be  reached,  however,  a  deep  surface  well 
will  ordinarily  furnish  sufficient  water  for  domestic  purposes. 

ARTESIAN    WELLS. 

It  is  not  claimed  that  the  following  notes  describe  all  the  artesian 
wells  in  the  area  covered;  they  relate  only  to  those  which  came  to 
the  notice  of  the  writer. 

In  the  eastern  part  of  the  area  the  flowing  wells,  with  a  few  excep- 
tions, obtain  their  supply  below  the  Chattanooga  shale.  At  Needmore 
two  wells,  each  about  60  feet  in  depth,  flow  a  gallon  per  minute  of 
slightly  sulphureted  water,  which  is  derived  from  the  Boone  forma- 
tion.   These  flows  depend  on  a  slight  local  dip  of  the  rocks. 

At  Miami  there  are  three  flowing  wells — one  at  the  waterworks,  one 
piped  to  the  ice  plant  from  a  point  half  a  mile  east  of  town,  and  the 
third  2  miles  north  of  town.  The  third  well  has  a  small  flow  of  sul- 
phur water  from  a  bed  just  below  the  Chattanooga  shale.  The  well 
used  at  the  ice  plant  is  1,680  feet  in  depth,  and  the  one  at  the  water- 
works 1,000  feet.  Both  draw  their  supply  from  various  horizons 
between  600  and  1,000  feet.  The  water  is  soft,  with  a  very  slight 
sulphur  odor.  The  temperature  is  65^°  F.  The  pressure  at  the  ice- 
plant  well  is  about  12  pounds  and  the  flow  is  more  than  100  gallons 
per  minute  An  analysis  of  the  water  is  given  in  the  table  on  page  227. 
These  two  wells  affect  each  other  decidedly,  though  half  a  mile  apart. 
47076— Bull.  340—08 15 
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Two  miles  east  of  Fairland  tliere  is  a  well  1,152  feet  deep  which 
is  reported  to  have  had  originally  a  head  of  16  feet  and  a  flow  of  30  to 
50  gallons  per  minute.  Through  defective  casing  the  flow  has  been 
reduced  to  about  one-half  gallon  per  minute.  The  water  is  slightly 
sulphureted.  In  a  well  889  feet  deep  in  the  town  of  Fairland  the 
water  rises  within  30  feet  of  the  surface.  The  flow  comes  from  sand- 
stone 400  feet  or  more  below  the  Chattanooga  shale.  The  water  is 
pure  and  sweet,  as  shown  by  the  analysis  given  in  the  table  on 
page  227. 

The  town  well  at  Afton  has  a  flow  of  about  4  gallons  per  minute 
of  strongly  sulphureted  water.  It  comes  from  a  depth  of  650  feet.  A 
very  small  flow  was  obtained  at  600  feet,  about  200  feet  below  the 
Chattanooga  shale.  The  analysis  of  this  water  is  given  in  the  table. 
Two  miles  northwest  of  Afton,  in  the  northwest  corner  of  sec.  29,  T. 
26  N.,  R.  22  E.,  on  J.  L.  Courtney's  place,  there  is  a  well  788  feet  in 
depth  which  at  one  time  had  a  small  flow,  but  in  which  the  water  now 
stands  from  1  to  20  feet  below  the  surface.  The  water  is  similar  to 
that  of  the  Afton  well  and  probably  comes  from  the  same  horizon. 
On  J.  M.  Smith's  place,  in  the  NW.  i  sec.  13,  T.  26  N.,  R.  21  E.,  a 
well  1,020  feet  in  depth  yields  a  fine  flow  of  fairly  strong  sulphur 
water,  which  comes  from  a  sandstone  500  feet  below  the  Chattanooga 
shale.  Water  was  also  struck  at  shallower  depths,  but  did  not  rise 
above  the  surface. 

At  Welch  a  well  1,001  feet  deep  draws  water  from  a  sandstone  in 
the  Crdovician  rocks  about  300  feet  below  the  Chattanooga  shale. 
The  wrier  is  sulphureted  and  rises  4  feet  above  the  surface  of  the 
ground. 

At  Bluejacket,  in  a  well  730  feet  in  depth,  a  flow  of  1  gallon  per 
minute  was  stpuck  at  G60  feet  and  one  of  7  gallons  per  minute  at  730 
feet.  The  bottom  of  the  well  is  about  300  feet  below  the  Chattanooga 
shale.    The  water  has  a  fairly  strong  sulphur  taste. 

In  Vinita  and  vicinity  there  are  numerous  artesian  wells.  A  strong 
flow  of  slightly  sulphureted  water  is  struck  just  beneath  the  Chatta- 
nooga shale.  The  analysis  of  a  typical  sample  of  these  waters  is  given 
in  the  table  on  page  227. 

At  Chelsea  a  heavy  flow  of  slightly  salty  and  considerably  sul- 
phureted water  is  struck  at  794  feet  in  a  30-foot  bed  of  sandstone 
lying  just  beneath  the  Chattanooga  shale  and  probably  corresponding 
to  the  Sylamorc  sandstone.  The  water  has  an  artesian  pressure  of  35 
pounds  per  square  inch.    It  is  used  in  a  small  bath  house. 

At  Pryor  Creek  a  sulphosaline  water  struck  just  below^  the  Chatta- 
nooga shale  is  used  at  the  bath  house  and  sanatorium. 

At  Claremore  the  medicinal  properties  of  the  strongly  saline  sul- 
phur water  obtained  below  the  Chattanooga  shale  are  utilized  in 
several  sanatoriums.    There  are  three  deep  wells  on  adjacent  corners 
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at  the  intersection  of  two  streets  in  the  northeast  part  of  the  town. 
The  deepest  one,  1,500  feet  in  depth,  is  owned  by  the  Claremore 
Radium  Wells  Company,  which  operates  the  adjacent  bath  house. 
The  water  is  reported  to  have  an  artesian  pressure  of  60  pounds  to 
the  square  inch.  The  Radium  Water  Company  has  a  well  1,150  feet 
in  depth,  and  operates  a  bath  house  in  conjunction  with  it.  Analyses 
of  the  water  from  both  these  wells  are  given  in  the  accompanying 
table.  The  water  from  the  George  Eaton  Radium  well,  1,115  feet  in 
depth,  is  piped  to  a  sanatorium  and  bath  house  in  the  business  part 
of  town.  All  these  wells  obtain  water  at  about  the  same  horizon, 
from  1,075  to  1,110  feet  in  depth.  In  addition  to  the  local  use,  there 
is  a  considerable  sale  of  the  bottled  water  from  the  wells. 

At  Nowata  the  water  from  a  flowing  well  is  utilized  by  the  Nowata 
Radium  Sanitarium  Company,  which  operates  a  bath  house.  The 
water  comes  from  a  depth  of  1,315  feet,  just  below  a  47-foot  bed  of 
black  shale,. which  is  apparently  the  Chattanooga.  The  water  prob- 
ably comes  from  the  same  horizon  as  many  of  the  other  sulphosaline 
waters  noted  above.  The  analysis  of  the  water  is  given  separately 
below,  for  the  reason  that  the  hypothetical  combination  of  the  con- 
stituents made  by  the  chemist  is  not  comparable  with  the  other 
analyses  without  recalculation. 

In  addition  to  the  wells  described  in  the  foregoing  notes,  there  are 
numerous  wells  drilled  for  oil  and  gas  which  found  flows  of  salt  water 
instead. 

The  subjoined  tables  contain  analyses  of  water  from  several  of  the 
artesian  wells  already  mentioned. 


Analyses  of  artesian  waters  from  northeastern  Oklahoma, 
[Grains  per  United  States  gallon.] 


1. 

2. 

8. 

4.       1      5. 

i 

6. 

Iron    and    aluminum    carbonate    (Pe300s+ 
AhOOs) - - 

1.18 
21.88 
1.94 

Calcium  carbonate  (OaCOa) 

Magnesium  carbonate  (MgCOa) 

19.73 
2.56 

3.]6         4.55  1      5.30 
1.72         2.52         1.75 
13. W         1.33         1.58 

4.69 
1.68 

Sodium  carbonate  (Nn-COa) 

Calcium  chloride  (CaCb) _    —  -    —  — . 

236.94 

U0.47 

1,833.08 

218.46 

106.26 

1,789.71 

Magnesium  chloride  (MgOk) 

2.34 

1.16 

Sodium  chloride  (NaOl) 

Magnesium  sulphate  (MgSO<)    _-  -  __    

36.74       21.28         3.97 

9.73 
.65 

Sodium  sulphate  (NaaSO*) ' 

1.49 

.98    - 

Iron  and  aluminum  oxides  (Pe-'Oa-f-Al^Oa) \ 

.07 
.60 

.04 

Silica  (SIOs) - — 

•"  1- 

.55 

1.  Claremore  Radium   Wells   Company's  well,   Claremore.     Analysis   by   E.   H.   Kelser, 
Washington  University,  St.   Louis,  Mo. 

2.  Brown's  Radium  well,  Claremore.     Analysis  by  E.  H.  Kelser,  Washington  University, 
St.  Louis,  Mo. 

3.  Frisco    Railway    artesian    well,    Vlnlta.      Analysis    by    Kennlcott    Water    Softener 
Company,  Chicago,   111. 

4.  Deep  well,   Afton.      Analysis  by  Kennicott  Water  Softener  Company,   Chicago,    111. 

5.  Deep    well,    Fairland.      Analysis    by    department    of    chemistry,    Oklahoma    Agricul- 
tural  and  Mechanical    College.    Stillwater. 

6.  Deep  well  at  ice  plant,  Miami.     Analysis  by  John  F.  Wlxford,  St.  Louis,  Mo. 
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Analysis  of  water  from  Nowata  Radium  Sanitarium  Company's  well,  Nowata, 

[By  J.  Robert  Moechel,  Kansas  City,  Mo.] 

Grains  per 

United  States 

gallon. 

Ferrous  bicarbonate  (Fe(HCO«)0 1.36 

Calcium   bicarbonate    (Ca(HCO«)2) 524.28 

Magnesium  bicarbonate    (Mg(HC03)a) 62.29 

Sodium  bicarbonate    (NaaCOs) 1,111.56 

Calcium  chloride    (C&Gh) 247.47 

Magnesium  chloride   (MgCl») 182.37 

Sodium  chloride    (NaCl) 1,230.78 

Calcium  sulphate   (CaSO*) 20.86 

Magnesium  sulphate   (MgSO*) 23.27 

Silica  (SiOa) 2.47 

Alumina  (ALO.) 2. 78 

Ammonium  nitrate  (NH4N0s> 7.41 


SURVEY  PUBLICATIONS  ON  LEAD  AND  ZINC. 


The  following  list  includes  the  more  important  publications  on  lead 
and  zinc  published  by  the  United  States  Greological  Survey.  In  addi- 
tion to  the  publications  cited  below  certain  of  the  geologic  folios, 
especially  the  Joplin  district  folio  (No.  148)  and  the  Lancaster- 
Mineral  Point  folio  (No.  145),  contain  discussions  of  the  lead  and 
zinc  resources  of  the  districts  of  which  they  treat. 

Adams,  G.  I.  Zinc  and  lead  deposits  of  northern  Arkansa^s.  In  Bulletin  No. 
213,  pp.  187-196.     1903. 

(See  also  Bain,  H.  F.,  Van  Hise,  C.  R.,  and  Adams,  G.  I.) 

Adams,  G.  I.,  and  others.  Zinc  and  lead  deposits  of  northern  Arkansas.  Pro- 
fessional Paper  No.  24.    118  pp.    1904. 

Bain,  H.  F.  Lead  and  zinc  deposits  of  Illinois.  In  Bulletin  No.  225,  pp. 
202-207.     1904. 

I..ead  and  zinc  resources  of  the  United  States.     In  Bulletin  No.  260, 

pp.  251-273.     1905. 

A  Nevada  zinc  deposit.    In  Bulletin  No.  285,  pp.  166-109.    1906. 

Zinc  and  lead  deposits  of  the  upper  Mississippi  Valley.    Bulletin  No. 

294.    155  pp. 

(See  also  Van  Hise,  C.  R.,  and  Bain,  H.  F.) 

Bain,  H.  F.,  Van  Hise,  C.  R.,  and  Adams,  G.  I.  Preliminary  report  on  the  lead 
and  zinc  deposits  of  the  Ozark  region  [Mo.-Ark.].  In  Twenty-second  Ann.  Rept.. 
pt  2,  pp.  23-228.     1902. 

BouTWELL,  J.  M.  Lead.  In  Mineral  Resources  U.  S.  for  1906,  pp.  439-457. 
1907.« 

Zinc.     In  Mineral  Resources  U.  S.  for  1906,  pp.  459-489.    1907.« 

Calkins,  F.  C.     (See  Ransome,  F.  L.,  and  Calkins,  F.  C.) 

Clebc,  F.  L.  The  mining  and  metallurgy  of  lead  and  zinc  in  the  United  States. 
In  Mineral  Resources  U.  S.  for  1882,  pp.  358-386.     1883. 

Ellis,  E.  E.  Zinc  and  lead  mines  near  Dodge ville.  Wis.  In  Bulletin  No.  260, 
pp.  311-315.    1905. 

Emmons,  S.  F.  Geology  and  mining  Industry  of  Leadville,  CJolo.,  with  atlas. 
Monograph  XII.    870  pp.     1886.  * 

Emmons,  S.  F.,  and  Irving,  J.  D.  Downtown  district  of  Leadville,  Colo.  Bul- 
letin No.  320.     72  pp.     1907. 

Grant,  U.  S.  Zinc  and  lead  deposits  of  southwestern  Wisconsin.  In  Bulletin 
No.  260,   pp.   304-310.     1905. 

Hoffman,  H.  O.  Recent  improvements  in  desilverizing  lead  in  the  United 
States.    In  Mineral  Resources  U.  S.  for"  1883-84,  pp.  462^73.    1885. 

ILES,  M.  W.  Lead  slags.  In  Mineral  Resources  U.  S.  for  1883-84,  pp.  440-462. 
1885. 

•Earlier  volumes  of  the  Mineral  Resources  of  the  United  States  contain  discussions 
relating  to  the  lead  and  zinc  industries  of  the  United  States. 
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Irving,  J.  D.     (See  Emmons,  S.  F.,  and  Irving,  J.  D.) 

Keith,  A.  Recent  zinc  mining  in  East  Tennessee.  In  Bulletin  No.  225,  pp. 
208-213.     1904. 

Kansome,  F.  L.  Ore  deposits  of  the  Cceur  d*Alene  district,  Idaho.  In  Bulle- 
tin No.  260,' pp.  274-5a3.     1905. 

Kansome,  F.  L.,  and  Calkins,  F.  C.  Geology  and  ore  deposits  of  the  Cceur 
d'Alene  district,  Idaho.    Professional  Paper  No.  62.    In  press. 

Smith,  G.  O.  Note  on  a  mineral  prospect  in  Maine.  In  Bulletin  No.  315,  pp. 
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RARE  METALS. 


SOME  MOLYBDENUM  DEPOSITS  OF  MAINE,  UTAH,  AND 

CALIFORNIA. 


By  Frank  L.  Hess. 


MOI^YBDl^llsrUM  DEPOSITS  OF  MAIITE. 

INTRODUCTION. 

As  Maine  contains  considerable  areas  of  granitic  rocks,  it  is  not  sur- 
prising to  find  that  molybdenum,  which  is  largely  associated  with 
granites,  is  here  rather  widely  distributed.  So  far  as  known,  it  is 
found  in  Maine  only  in  the  form  of  the  sulphide,  molybdenite,  accom- 
panied by  small  amounts  of  its  alteration  product,  molybdic  ocher. 
The  principal  deposits  now  known  are  in  Washington  and  Hancock 
counties,  and  these  have  been  brought  into  more  or  less  prominence 
through  several  companies  which  have  been  formed  to  exploit  them. 

WASHINGTON  COUNTY. 
AMERICAN   MOLYBDENUM   COMPANy's  PROPERTY. 

Location  and  general  features: — The  American  Molybdenum  Com- 
pany, of  Boston,  for  several  years  worked  upon  a  deposit  in  the  town 
of  Cooper,*  22  miles  southwest  of  Calais,  and  spent  a  considerable 
amount  of  money  upon  buildings,  machinery,  and  excavation.  Gran- 
ite, carrying  molybdenite,  was  quarried  from  an  open  cut,  and  an  ex- 
cavation about  100  feet  square  and  up  to  10  or  12  feet  deep  was  made. 

The  deposit  is  situated  on  the  south  slope  of  a  gentle  hill  500  or  600 
feet  high,  overlooking  the  stretch  of  country  between  Lakes  Cathance 
and  Meddybemps.  The  rocks  of  the  vicinity  have  been  much  scored 
by  glaciers  in  an  approximately  northwest-southeast  direction,  and 

•  The  Cooper  deposits  were  described  by  George  Otis  Smith  in  "  A  molybdenite  deposit 
in  eastern  Maine,"  Bull.  U.  S.  Geol.  Survey  No.  260,  1905,  pp.  197-199. 
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outcrop  at  many  places  through  the  thin  soil.  The  prevailing  rock 
is  a  comparatively  fine-grained  light-gray  biotite  granite,  which 
weathers  to  a  pinkish  color.  It  is  much  broken  by  three  prominent 
sets  of  joints.  Two  of  these  strike  about  northeast,  one  dipping  45*^ 
or  less  to  the  northwest,  the  other  from  45°  southeastward  to  vertical. 
The  third  set  is  older  than  the  other  two  and  runs  nearly  north  and 
south  with  an  almost  vertical  dip.  Many  of  the  joints  of  this  third 
set  have  been  filled  with  thin  dikes  of  rather  quartzose  pegmatite  from 
one-half  inch  to  3  inches  thick.  Ordinarily  the  most  quartzose 
phases  occur  where  the  dike  has  narrowed  to  its  smallest  proportions, 
and  at  many  such  places  molybdenite  forms  crusts  in  which  the  flakes 
lie  in  radial  groups  of  considerable  beauty.  Between  the  molybdenite 
and  the  walls  of  the  dike  there  is  a  thin  layer  of  quartz  and  feldspar, 
the  latter  on  the  wall  itself,  but  at  some  places  in  crystals  so  small  as 
to  escape  casual  examination.  In  width  the  molybdenite  flakes  com- 
monly range  between  one-sixteenth  inch  and  an  inch,  but  maj-  fall 
short  of  or  exceed  these  limits.  It  is  said  that  segregations  occur 
weighing  10  or  12  pounds.  In  wider  parts  of  the  dikes  feldspar  is  a 
conspicuous  constituent,  but  molybdenite  is  more  sparsely  distributed 
and  seems  inclined  to  segregate  in  the  middle  of  the  dike. 

Some  of  the  thinner  dikes  lose  their  identity  in  that  of  the  sur- 
rounding granite  by  structurally  merging  into  it,  but  may  reappear  a 
few  inches  or  a  foot  farther  along.  Others  apparently  stop  abruptly, 
ending  in  vugs  filled  with  crystals  of  quartz,  feldspar,  and  here  and 
there  purple  fluorspar,  reaching  one-fourth  inch  in  thickness.  Simi- 
lar vugs  occur  in  the  body  of  some  of  the  dikes,  but  they  rarely  carry 
much  molybdenite  in  either  place.  A  "  pocket "  containing  a  mass 
of  molybdenite  ranging  from  a  few  flakes  to  several  pounds  may 
occur  in  places  at  what  seems  to  be  a  point  just  beyond  the  end  of 
a  dike. 

The  influence  of  the  dikes  extends  into  the  granite  to  varying  dis- 
tances, in  some  places  for  4  or  5  feet  from  a  dike  less  than  1  inch 
thick.  In  such  places  the  granite  is  miarolitic,  that  is,  full  of  small 
vugs,  which  show  well-crystallized  feldspar,  quartz,  and  occasionally 
purple  fluorspar,  giving  the  rock  a  peculiar  spotted  appearance. 
Apparently  the  original  constituents  have  been  dissolved  by  some 
agency  and  recry stall ization  has  taken  place.  A  little  pyrite  and 
chalcopyrite  are  apt  to  occur  in  both  the  vugs  and  the  dikes.  Here 
flakes  of  molybdenite,  mostly  small,  few  reaching  one-fourth  inch  in 
diameter,  and  very  thin,  are  to  be  found  distributed  through  the 
granite.  Although  in  such  places  the  molybdenite  flakes  seem 
sporadic,  close  examination  often  shows  minute  seams  running  from 
one  flake  to  another  or  to  the  dikes. 

The  joints  that  carry  the  pegmatite  and  the  molybdenite  are  much 
less  plentiful  than  the  others.    No  molybdenite  was  seen  in  the  north- 


MOLYBDENUM  IN   MAINE,   UTAH,   AND   CALIFORNIA.  233 

east-southwest  joints.  The  molybdenite  has  been  altered  to  molybdic 
ocher  in  a  few  places,  but  in  very  small  quantity.  This  ocher  has 
usually  been  supposed  to  be  molybdic  oxide,  but  Waldemar  T. 
Schaller  has  recently  shown  that  it  is  iron  mblybdate  in  all  speci- 
mens that  he  has  examined.  Be.sides  the  minerals  already  described, 
a  single  piece  of  native  bismuth  the  size  of  a  hazelnut  was  found  by 
the  writer.  In  Australia  the  occurrence  of  bismuth  with  molybdenite 
is  frequently  noted,  but  it  is  uncommon  in  this  country. 

Extent  of  the  deposits. — A  shaft  said  to  be  50  feet  deep  with  a 
drift  at  the  bottom  200  feet  long,  now  filled  with  water,  is  reported 
to  have  shown  molybdenite  throughout  in  as  large  proportion  as  in 
the  quarry.  A  ditch  225  feet  long  and  4  feet  deep,  running  south- 
ward from  the  quarry,  showed  molybdenite  through  its  whole  length, 
making  a  stretch  of  over  300  feet  north  and  south  in  which  the  gran- 
ite has  been  proved  to  carry  the  mineral.  Less  is  known  about  the 
width  at  this  point,  but  in  the  quarry  it  is  at  least  100  feet. 

Method  of  treatment. — The  American  Molybdenum  Company  en- 
deavored to  extract  the  molybdenite  by  screening.  The  plant  con- 
sisted of  a  35-horsepower  boiler  and  engine,  a  Sturtevant  jaw  crusher 
and  roll,  and  four  sets  of  special  rolls,  each  3  feet  in  diameter  and  10 
inches  wide.  The  crusher  was  but  a  couple  of  feet  above  the  floor, 
from  which  the  material,  crushed  to  about  one- fourth  inch  square,  was 
elevated  to  the  Sturtevant  roll,  18  inches  in  diameter  by  4  inches 
wide,  which  reduced  the  ore  to  about  one-eighth  inch.  It  was  then 
elevated  to  a  bin  at  the  top  of  the  building,  from  which  it  fell  to  a 
series  of  two  special  rolls,  thence  was  elevated  to  a  third  special  roll, 
and  run  through  a  34-mesh  screen.  The  molybdenite  caught  on  the 
screen  was  delivered  to  a  box  at  the  end.  The  material  going  through 
the  screen  was  carried  by  an  elevator  and  screw  conveyor  to  a  fourth 
roll,  from  which  it  fell  onto  a  40-mesh  screen  and  from  that  to  a  60- 
mesh  screen.  What  went  through  the  60-mesh  screen  was  elevated 
and  sent  to  the  tailings  pile.  It  is  readily  seen  that  the  repeated  ele- 
vations of  the  material  meant  a  considerable  waste  of  power.  The 
mill  ran  only  six  weeks,  and  is  said  to  have  mad^  about  a  ton  of  con- 
centrates, a  portion  of  which  seen  by  the  writer  was  very  clean.  In 
the  tailings  some  fine  flakes  of  molybdenite  were  found,  but  the 
amount  seemed  small.  Such  a  process,  if  mechanically  perfected, 
might  work  profitably  on  deposits  where,  as  in  this  one,  the  molyb- 
denite flakes  are  comparatively  broad,  but  would  be  wholly  unsuited 
to  deposits  like  many  of  those  in  Colorado  and  elsewhere,  in  which 
the  individual  flakes  are  of  almost  microscopic  size. 


The  property  of  the  American  Molybdenum  Company  is  adjoined 
on  the  north  by  that  of  the  Calais  Molybdenum  Mining  Company. 


234        CONTRIBUTIONS  TO  ECONOMIC  GEOLOGY,  1907,  PART   I. 

Less  work  has  been  done  here,  but  the  conditions  of  jointing  and 
deposition  appear  to  be  similar  to  those  on  the  property  just  de- 
scribed, of  which  this  is  an  extension.  Several  test  pits  show  the 
same  form  of  molybdenum-bearing  dikes  and  apparently  the  rock  is 
of  about  the  same  richness.  The  molybdenite  evidently  still  follows 
the  north-south  joints. 

The  width  of  the  molybdenite-bearing  granite  at  this  place  has 
not  been  determined  any  more  definitely  than  on  the  property  to  the 
south.  No  molybdenite  was  seen  in  the  material  thrown  from  a 
prospect  hole  about  1,000  feet  northeast  of  the  test  pits,  although  it 
was  said  that  some  had  been  found.  None  is  known  to  exist  on  the 
north  side  of  the  road  at  this  point,  nor  does  any  appear  on  the  sur- 
face between  the  pits  and  the  road.  It  would  seem,  therefore,  that  the 
impregnated  zone  is  probably  less  than  1,000  feet  wide,  which  is  about 
the  distance  from  the  road  to  the  prospect  hole  farthest  east.  Further 
prospecting,  however,  may  show  this  estimate  to  be  in  error.  The 
impregnated  area  on  this  property  is  known  to  extend  300  or  400 
feet  northward  from  the  American  Molybdenum  Company's  property, 
and  may  extend  much  farther,  as  molybdenite  is  reported  from  points 
half  a  mile  or  more  to  the  northwest. 

NEIGHBORING    AREAS. 

Less  is  known  of  areas  lying  west  of  those  described,  but  a  few 
prospect  holes  have  shown  some  molybdenite.  Southwest  of  the 
property  of  ,the  American  Molybdenum  Company  and  south  of 
Cooper  Church,  some  molybdenite  in  small  flakes  and  segregations 
has  been  found  in  a  number  of  prospect  holes.  The  granite  here  also 
is  dotted  with  small  vugs  similar  to  those  on  the  property  of  the 
American  Molybdenum  Company. 

HANCOCK  COUNTY. 

CATHERINES  HILL. 

The  known  deposits  of  molybdenum  in  Hancock  County  lie  along 
the  north  and  west  sides  of  Tunk  Pond,  a  sheet  of  water  about  7 
or  8  miles  long  and  a  mile  or  more  broad.  Its  northeast  end  is  8 
miles  west  of  Cherryfield,  and  its  southwest  end  about  2  miles  north 
of  Tunk  Pond  station.  At  the  north  side  of  the  lake  a  partially 
bare,  glaciated  knob,  500  or  GOO  feet  high,  known  as  Catherines  Hill, 
has  been  prospected  to  some  extent.  The  hill  shows  several  benches 
with  vertical  faces,  running  northeast  and  southwest,  from  12  to 
18  feet  high,  due  to  the  sheeting  and  jointing  of  the  granite.  The 
granite  is  light  gray  in  color,  of  a  prominently  granular  appear- 
ance, showing  little  or  no  muscovite,  small  amounts  of  biotite, 
and  considerable  variation  in  texture.     In  places  the  quartz  grains, 
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although  only  one-eighth  to  one-fourth  inch  in  diameter,  are  the 
most  noticeable  of  the  minerals,  while  in  other  places  the  feldspars 
are  more  prominent  and  here  and  there  become  prophyritic,  reaching 
three-fourths  of  an  inch  in  length.  The  dip  of  the  principal  joints 
varies  considerably  each  way  from  the  perpendicular.  The  sheeting, 
which  is  practically  horizontal,  is  also  conspicuous.  Several  crushed 
zones,  2  to  4  feet  wide,  were  noted  running  about  north  and  south. 

Several  companies  have  sunk  prospect  holes  and  done  some  blast- 
ing along  the  face  of  a  small  cliff,  so  that  the  deposits  have  been 
exposed  at  a  number  of  places  extending  over  about  300  feet  east  and 
west,  two-thirds  of  the  way  to  the  top  of  the  hill.  Molybdenite  is 
said  to  be  found  also  at  the  foot  of  the  hill.  It  occurs  in  flakes,  said 
to  reach  several  inches  in  width  but  ordinarily  much  smaller,  and  in 
small  bunches,  generally  less  than  three- fourths  of  an  inch  in  diam- 
eter. It  apparently  accompanies  a  series  of  pegmatite  dikes  which 
dip  in  various  directions  but  for  the  most  part  steeply.  The  larger 
number  of  the  dikes  seen  are  over  1  or  2  inches  thick,  though  in 
places  they  widen  to  form  vugs  up  to  4  or  5  inches  across,  which 
contain  druses  of  quartz  crystals  up  to  3  inches  long  and  2  inches 
thick.  Some  of  the  vugs  are  almost  filled  with  quartz  and  feldspar 
crystals,  with  smaller  amounts  of  biotite  and  molybdenite,  but  in 
general,  as  in  the  Washington  County  deposits,  the  amount  of  molyb- 
denite in  these  enlarged  portions  of  the  dikes  is  small.  It  is,  how- 
ever, apt  to  be  deposited  at  their  ends  and  in  the  inner  parts  of  the 
dikes,  from  which  places  it  disseminates  into  the  granite,  here  and 
there  probably  to  a  distance  of  3  or  4  feet.  As  at  the  Cooper  deposits, 
near  the  dikes  the  granite  shows  at  many  places  a  different  texture, 
small  crystals  of  feldspar  forming  rosettes,  one-half  inch  across, 
around  a  crystal  of  quartz,  or  around  pyrite,  as  indicated  by  the  rust- 
lined  cavities.  It  seems  hardly  possible  that  these  rosettes  can  be  due 
to  the  original  structure  of  the  granite,  and  they  are  probably  the 
result  of  a  readjustment  which  may  have  been  caused  by  solutions 
accompanying  the  pegmatite.  The  molybdenite  does  not  seem  to 
occur  in  this  recryst alii  zed  granite  so  much  as  in  the  less  affected  por- 
tion near  it,  which  contains  molybdenite  flakes,  thin  but  up  to  one- 
half  inch  or  more  wide.  A  peculiarity  of  the  small  pegmatite  dikes 
is  that  bunches  of  quartz,  feldspar,  and  mica  crystals  occur  where 
the  dikes  apparently  end.  The  dikes'  influence,  shown  by  a  coarse- 
ness of  structure,  can  apparently  be  traced  in  the  surrounding  granite 
for  several  inches.  If  molybdenite  is  present  in  the  vugs  and  enlarge- 
ments of  the  dikes,  it  is  generally  in  small  quantity.  The  dissemina- 
tion in  the  granite  would  seem  to  indicate  that  the  minerals  were 
deposited  from  a  solution,  possibly  a  gaseous  solution,  as  it  does  not 
seem  possible  that  a  liquid  solution  could  have  penetrated  the  dense 
granite  to  the  distances  observed. 
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OTHER  LOCALITIES. 

Halfway  toward  the  southwest  end  of  the  lake,  one-fourth  mile 
west  of  Sand  Cove,  molybdenite  has  been  found  at  several  places  on  a 
flat  formed  of  granite  of  the  same  type  as  that  in  Catherines  HilL 
But  little  work  has  been  done  on  the  deposits  and  they  can  not  be 
seen  to  advantage.  A  couple  of  blasts  were  put  in  during  the  visit 
of  the  writer,  but  they  showed  nothing  new,  although  some  molybde- 
nite was  obtained  at  each  blast.  There  are  two  principal  occurrences, 
one  of  which  is  on  the  south  side  of  a  ravine  cut  in  the  granite  to  a 
depth  of  20  or  30  feet.  The  granite  is  jointed  vertically  along  a  north- 
northwest  course,  which  has  probably  determined  the  position  of  the 
ravine.  Another  series  of  joints  cuts  this  set  at  right  angles.  The 
granite  contains  more  biotite  than  that  of  Catherines  Hill,  and  the 
porphyritic  crystals  of  feldspar  show  a  zonal  growth,  generally  with 
the  outer  zone  lighter"  in  color  than  the  inner  ones.  The  granite  is 
here  cut  by  aplite  dikes  up  to  a  foot  or  more  in  width.  Quartzose 
pegmatite  dikes  cut  both  the  granite  and  the  aplite  and  are  accom- 
panied by  molybdenite  very  much  as  in  the  deposits  already  described. 
One  noticeable  feature  is  that  in  places  the  dikes  become  very  thin, 
some  of  them  less  than  one-sixteenth  inch  thick,  and  have  little 
influence  upon  the  surrounding  granite  or  aplite.  Along  these  dikes 
bunches  of  molybdenite  several  inches,  in  diameter  are  found.  No 
dissemination  of  the  molybdenite  could  be  seen  in  the  granite.  A 
quarter  of  a  mile  southwest  of  this  deposit  several  shots  have  been  put 
in  showing  similar  occurrences  of  molybdenite.  Between  these  two 
places  molybdenite  has  been  found  on  the  surface  at  a  number  of 
points.  It  is  also  reported  to  occur  on  the  south  side  and  elsewhere 
around  the  lake,  but  these  localities  were  not  visited. 

CUMBERLAND   COUNTY.a 

Molybdenite  has  been  found  in  the  granite  at  a  number  of  places 
in  the  town  of  Brunswick,  hut  the  deposits  are  of  mineralogical 
interest  only.  A  thin  vein  was  exposed  for  some  distance  in  digging 
a  sewer  for  the  town. 

OXFORD   COUNTY. 

Molybdenite  has  been  reported  from  several  places  in  Oxford 
County.  Three  places  were  visited — one  in  the  town  of  Greenwood, 
6  miles  north  of  Norway  village;  another  on  the  Horatio  N.  Flagg 
farm  in  the  town  of  Buckfield,  10  miles  east  of  Paris;  and  a  third  at 
Crocker  Mountain,  half  a  mile  east  of  Mount  Mica  and  about  4  miles 
east  of  Paris. 

At  each  of  these  places  the  rock  is  a  quartz-biotite  gneiss,  which 
much  resembles  a  crushed  granite,  intruded  by  pegmatite,  also  some^ 

«  Communicated  by  I'rof.  L.  A.  Lee,  State  geologist,  Brunswick,  Me. 
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what  squeezed.  On  the  Flagg  farm  both  gneiss  and  pegmafcke  have 
been  crushed  until  the  pegmatite  shows  merely  as  mashed  lenses  in  the 
gneiss.  The  gneiss  carries  more  or  less  graphite  at  each  of  these 
places,  reaching  a  maximum  at  Crocker  Mountain.  The  graphite  is 
flaky  and  much  resembles  molybdenite,  but  specimens  collected  at 
each  place  and  submitted  to  Waldemar  T.  Schaller,  of  the  Geological 
Survey  laboratory,  showed  no  trace  of  molybdenum.  Others  report 
having  specimens  tested  which  showed  its  presence,  and  it  would  seem 
entirely  possible  that  molybdenite  should  occur  in  these  gneisses,  con- 
sidering their  possible  origin  from  a  granite  and  later  intrusion  by 
pegmatites.  Molybdenite  is  occasionally  foimd  in  the  pegmatite  at 
Mount  Mica. 

ORIGIN  OF  THE   MOLYBDENITE. 

There  can  be  but  little  doubt  that  the  origin  of  the  molybdenite  is 
connected  with  the  pegmatite  dikes,  for  in  the  deposits  described  it 
has  been  seen  nowhere  except  in  connection  with  them.  The  distribu- 
tion of  the  molybdenite  through  the  granite  adjacent  to  the  dikes  and 
the  recrystallization  of  the  granite  seem  to  indicate  very  hot,  possibly 
gaseous,  solutions  or  some  other  form  more  capable  of  penetrating  the 
rocks  than  the  watery  solutions  as  now  understood.  The  granite  is  as 
dense  and  compact  as  most  granites  except  where  it  has  been  altered 
in  the  vicinity  of  the  pegmatite  dikes.  The  molybdenite,  quartz,  and 
feldspar  seem  to  have  been  nearly  contemporaneous,  the  feldspar  prob- 
ably being  first  deposited  and  the  quartz  and  molybdenite  afterwards, 
although  at  times  this  order  may  have  been  reversed. 

RICHNESS  OF  DEPOSITS. 

The  quantity  of  molybdenum  in  the  deposits  is  very  difficult  of  de- 
termination. Hand  specimens  which  show  a  very  high  percentage 
of  molybdenite  may  be  obtained  from  the  dikes,  and  specimens  which 
also  show  molybdenite  may  be  taken  from  certain  portions  of  (he 
granite.  At  the  same  time,  with  an  equal  amount  of  effort,  a  much 
larger  number  of  specimens  which  will  probably  show  no  molybde- 
nite may  be  obtained  from  the  same  area.  The  average  assay  of  a 
hand-picked  specimen  is  worse  than  useless,  as  it  gives  an  apparent 
^  value  very  much  above  any  possible  mining  values.  Owing  to  the 
unequal  distribution  of  the  molybdenite  in  the  rock  it  is  very  hard 
to  pick  a  fair  sample  in  any  manner.  After  a  sample  is  obtained,  it 
is  then  very  difficult  to  determine  the  percentage  of  molybdenite  it 
contains,  as  the  processes  for  separating  the  molybdenite  are  often 
questionable  in  their  results.  In  nearly  all  mechanical  processes  loss 
of  molybdenite  is  inevitable  owing  to  the  form  of  the  mineral.  It 
usually  breaks  into  thin  flakes,  even  if  occurring  in  a  mass.     If  a 
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water  flotation  or  an  air-blast  separation  is  attempted  part  of  the 
flakes  are  usually  carried  away  with  the  gangue.  Sieves  lose  a  part 
of  the  finest  material  and  magnetic  separation  appears  to  be  some- 
what uncertain  unless  it  is  adapted  to  the  individual  ore  in  each  case. 
In  a  purely  chemical  separation  the  samples  analyzed  are  almost 
always  very  small — but  a  few  grams  at  most — and  thus  the  determina- 
tion is  again  incompetent,  for  the  specimen  can  not  be  quartered  down 
with  even  moderate  exactness  owing  to  the  segregation  of  the  mineral 
in  the  rock  and  the  difficulty  of  pulverizing  the  flakes  of  molybdenite. 
It  seems  possible  that  a  better  method  might  be  worked  out  along  the 
line  of  oxidizing  the  molybdenite  by  roasting,  dissolving  in  ammonia, 
and  determining  the  molybdenum  from  the  resulting  solution.  In 
such  a  process  large  amounts  of  material  could  be  used,  but  it  would 
be  an  expensive  operation. 

Should  such  a  method  as  that  just  outlined  be  practicable,  it  would 
give  accurately  the  amount  of  molybdenite  contained  in  a  given  par- 
cel of  rock,  and  might  be  applicable  as  a  means  of  extraction  to  cer- 
tain deposits  where  the  molybdenite  flakes  are  finer  than  those  in  the 
Maine  deposits. 

Owing  to  the  mechanical  difficulties  experienced,  there  is  likely  to 
be  a  great  difference  between  possibility  and  practicability  of  ex- 
traction of  molybdenite,  so  that  the  most  desirable  test  of  a  deposit 
is  one  that  will  show  just  what  extraction  may  be  expected  in  prac- 
tice. For  such  results  an  actual  mill  run,  by  the  method  of  work 
contemplated,  is  probably  the  only  satisfactory  mode  of  testing 
molybdenite  deposits,  unless  they  are  rich  enough  to  be  worked  by 
hand  picking,  in  which  case  pockets  must  be  close  together  and  the 
masses  of  considerable  size. 

AN  OCCURRENCE  OF  MOLYBDENITE  AT  CORONA,  CAT.. 

During  190G  molybdenite  was  discovered  in  a  granite  quarry  oper- 
ated by  John  Fletcher,  about  4|  miles  northeast  of  Corona,  River- 
side County,  Cal.  This  quarry,  which  was  visited  by  the  writer  in 
the  latter  part  of  January,  1907,  is  located  in  an  embayment  in  a 
group  of  granite  hills  reaching  a  height  of  about  1,500  feet  above  sea 
level,  and  rising  about  1,000  feet  above  the  surrounding  plain.  The 
molybdenite  occurs  on  the  west  face  of  one  of  the  hills,  about  50  feet 
above  its  base. 

The  granite  is  cut  by  thin  pegmatite  dikes  one-half  inch  to  2  inches 
wide.  Molybdenite  in  flakes  up  to  one-half  inch  across  accompanies 
the  dikes  in  small  quantity.  In  one  or  two  places  small  flakes  may 
be  found  in  the  granite  for  a  distance  of  2  or  3  inches  from  the  dikes. 
The  only  other  metallic  mineral  found  in  the  dike  is  iron  pyrites  in 
which  an  assay  is  said  to  have  shown  some  copper,  gold,  and  silver. 
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Molybdenite  is  also  found  on  both  surfaces  of  joints  in  the  granite, 
but  in  such  places  it  does  not  appear  to  penetrate  the  granite  more 
than  one-eighth  of  an  inch.  Along  these  joints  no  alteration  of  the 
granite  beyond  simple  weathering  is  to  be  seen,  nor  have  any  other 
minerals  been  deposited  in  the  cracks,  unless  stains  of  iron  oxide  may 
indicate  the  former  presence  of  iron  pyrite. 

Molybdenite  has  been  shown  over  a  narrow  strip  for  a  distance  of 
60  feet,  but  the  total  amount  is  small  and  the  deposit  gives  no  prom- 
ise of  having  economic  value. 

WUIiFEI^ITE  AT  AI^TA,  UTAH. 

Alta  is  one  of  the  older  mining  camps  of  Utah,  and  for  many 
years  wulfenite  (lead  molybdate)  has  been  known  to  occur  there,  but 
it  has  always  been  sold  for  its  lead  content,  as  aside  from  the  lead  it 
contained  it  has  had  a  merely  mineralogical  interest  until  recent 
years.  Since  the  rarer  metals  have  come  into  more  prominent  use, 
however,  the  minerals  of  these  metals  have  been  sought  for  more 
closely  and  wulfenite  has  acquired  a  new  importance  as  a  source  of 
molybdenum. 

Alta  is  situated  at  the  head  of  Little  Cottonwood  Creek,  16  miles 
east  of  Sandy,  from  which  place  it  may  be  reached  by  stage.  Its 
elevation  is  about  9,000  feet. 

The  Continental-Alta  mine  is  about  a  mile  east  of  Alta  and  300  or 
400  feet  higher.  It  has  been  worked  for  a  number  of  years  as  a  silver- 
lead  mine,  but  has  not  been  a  heavy  producer.  The  country  rock  is  a 
siliceous  limestone,  dipping  15°  to  30°  northeastward  from  a  granite 
mass  which  forms  the  walls  of  the  lower  portion  of  Little  Cotton- 
wood Canyon.  There  is  considerable  faulting,  and  the  main  fault 
along  which  most  of  the  ore  bodies  are  said  to  have  been  found  shows 
in  some  places  30  feet  of  crushed  limestone.  Here  and  there  the 
crushed  fragments  are  rounded,  apparently  from  solution  rather  than 
from  movement,  as  in  such  places  the  limestone  of  which  they  are 
composed  has  taken  a  sugary  appearance  from  recrystallization,  and 
is  much  more  friable  than  that  in  the  less  altered  fragments.  These 
zones  probably  lie  in  the  channels  of  greatest  circulation,  either 
present  or  past. 

A  dike  of  fine-grained,  almost  white  rhyolite  2^  feet  thick  is  cut 
by  the  main  tunnel  300  feet  from  the  mouth.  A  smaller  dike,  2  to  4 
inches  thick,  has  been  intruded  into  a  fault  fissure  close  by.  The 
effect  of  the  dike  on  the  limestone  is  apparently  confined  to  very  local 
.  metamorphism.  Most  of  the  ores  mined  have  been  oxidized — argen- 
tiferous lead  carbonates  and  oxides,  carrying  small  amounts  of  cop- 
per and  gold — and  with  these  has  been  mixed  a  small  proportion  of 
wulfenite. 


240        CONTRIBUTIONS  TO  ECONOMIC   GEOLOGY,  1907,  PABT   I. 

The  wulfenite  occurs  in  the  crushed  zones,  especially  where  the 
fragments  are  most  waterworn  and  decayed,  in  delicate  light-yellow 
translucent  scales  standing  on  edge  on  the  fragments  of  limestxme. 
In  no  place  were  they  seen  to  penetrate  the  rock.  Some  of  the  crystals 
are  covered  with  clay,  showing  that  the  waters  are  no  longer  deposit- 
ing wulfenite  in  those  places.  The  wulfenite  has  probably  been 
formed  by  the  oxidation  of  galena  carrying  molybdenite.  Some 
powdery  black  oxide  of  mapganese  occurs  with  the  wulfenite. 

The  ores  are  transported  4^  miles  down  the  valley  by  an  aerial  tram 
to  a  concentrating  plant,  where  the  company  reports  having  had  little 
trouble  in  concentrating  the  wulfenite  into  a  comparatively  clean 
product.  However,  from  the  quantity  of  ore  in  sight  at  the  time 
of  the  writer's  visit  it  would  seem  impossible  to  make  a  profitable 
production  of  wulfenite. 

The  Continental- Alta  property  is  adjoined  on  the  south  by  the  City 
Rocks,  an  old  mine  to  which  is  credited  a  larger  production  of  silver- 
lead  ore.  The  ore  carries  more  copper  than  that  in  the  Continental- 
Alta,  and  much  more  wulfenite.  The  ore  is  all  oxidized  and  follows 
a  fault  running  N.  45°  E.  magnetic,  dipping  steeply  to  the  northwest 

About  200  feet  from  the  mouth  of  the  main  tunnel  is  an  ore  shoot 
3  to  4  feet  thick  and  25  feet  long,  which  has  been  followed  by  an  up- 
raise for  500  feet.  Here  also  the  wulfenite  occurs  in  the  crushed 
limestone  upon  much  decayed  fragments.  Some  powdery  black 
oxide  of  manganese  occurs  in  the  shoot,  but  copper  minerals  are 
apparently  absent  where  wulfenite  occurs.  Some  massicot  and  platt- 
nerite  (yellow  and  black  lead  oxides)  are  found  in  the  vein.  The 
wulfenite  occurs  in  the  same  fragile,  delicate  yellow  scales  as  in  the 
Continental- Alta,  but  in  larger  quantity.  It  is  peculiarly  beautiful 
in  the  candlelight,  the  hundreds  of  flat  faces  reflecting  the  light  so 
that  each  looks  like  a  tiny  flame.  It  is  almost  impossible  to  transport 
specimens  without  great  injury  owing  to  the  ease  with  which  the 
crystals  are  detached. 

These  ore  bodies  arc  sufficiently  rich  to  make  it  seem  feasible  to 
concentrate  the  wulfenite  from  the  other  lead  minerals.  However, 
one  of  the  largest  companies  dealing  in  molybdenum  minerals  has 
refused  to  buy  from  this  camp  on  account  of  the  impurities  the  wul- 
fenite contains.  Though  it  was  said  that  vanadium  was  the  principal 
objectionable  ingredient,  none  was  found  by  the  writer  in  a  qualita- 
tive test  of  one  sample.     No  complete  analysis  is  at  hand.  , 

Wulfenite  is  said  to  occur  in  small  quantity  in  practically  all  the 
oxidized  ores  of  the  camp,  but  the  City  Rocks  mine  seems  to  contain 
the  greatest  amount.  Molybdenite  is  known  to  occur  in  a  canyon  on 
the  south  side  of  Little  Cottonwood  Canyon,  but  as  the  ground  was 
covered  with  snow  the  locality  was  not  visited.  It  is  reported  in 
small  quantity  from  other  points  in  the  vicinity. 
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Owing  to  the  high  price  reached  by  metallic  antimony  during  1906, 
interest  was  somewhat  revived  in  the  comparatively  little  known  and 
recently  neglected  Arkansas  deposits  of  the  metal,  all  of  which  lie  in 
the  northern  part  of  Sevier  County,  near  Gilham,  a  village  on  the 


Fig.   12. — Map  showing  distribution  of  igneous  rocks   in  Arkansas.      (After  J.   Francis 
Williams,  Arkansas  Geological  Survey.) 

Kansas  City  Southern  Railway.  (See  fig.  12.)  Aside  from  their 
economic  features,  these  deposits  are  of  much  geologic  interest,  as 
they  lie  in  unaltered  sediments  and  show  no  close  connection  with 
igneous  rocks. 

47076— Bull.  340— OS 16  241 
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The  following  papers  treating  of  the  antimony  deposits  and  ores 
of  Sevier  County  have  been  published : 

Williams,   Charles  P.    Note  on   the   occurrence  of  antimony   in   Arkansas: 
Trans.  Am.  Inst.  Min.  Eng.,  vol.  3,  1875,  pp.  150-151. 

Paper  read  in  1874 ;  gives  analyses  of  several  specimens  of  stibnlte  from 
Sevier  County,  Ark. 
Santos,  J.  R.    Analysis  of  native  antimony  ocher  from  Sevier  County,  Ark.: 
Chem.  News,  London,  vol.  36,  No.  933,  1877,  p.  1G7. 

An  analysis  of  a  specimen  of  oxide  of  antimony  giving  a  formula  of 
2Sb204H20.     Possibly  a  mixture  of  cervantite  and  stibiconite. 
DuNNiNGToN,  F.  P.    The  minerals  of  a  deposit  of  antimony  ores  in    Sevier 
County,  Ark. :  Proc.  Am.  Assoc.  Adv.  Sci.,  vol.  2G,  1878,  pp.  181-185. 

Read  at  the  Nashville  meeting,  August,  1877.     Describes  the  Antimony 
Bluff  and  Stewart  mines,  and  gives  several  analyses  of  ores.     Had  not 
visited  the  mines. 
Wait,  Charles  E.    The  antimony  deposits  of  Arkansas :    Trans.  Am.  Inst.  Mln. 
Eng.,  vol.  8,  1880,  pp.  42-52. 

Gives  description  of  Bob  Wolf,  Antimony  Bluff,  and  Stewart  mines,  with 
results  of  a  large  number  of  assays  and  analyses.  The  best  paper  on  the 
deposits. 
Com  STOCK,  Theo.  B.  A  preliminary  examination  of  the  geology  of  western- 
central  Arkansas:  Ann.  Kept.  Arkansas  Geol.  Survey,  1888,  vol.  1,  pp. 
136-137. 

Gives  general  description  of  the  geology  of  the  Stewart,  Oonboy,  Anti- 
mony Bluff,  Valley,  and  Otto  mines. 
Jbnney,   Walteb  p.    The  lead  and  zinc  deposits  of  the  Mlssislppl  Valley: 
Trans.  Am.  Inst.  Min.  Eng.,  vol.  22,  1894,  pp.  20G-208. 

Gives  a  general  descriptiou  of  the  veins  and  ascribes  an  igneous  origin 
for  their  derivation.  His  article  is  general,  but  good. 
Ashley,  George  II.  Geology  of  the  Paleozoic  area  of  Arkansas  south  of  the 
novaculite  region :  Proc.  Am.  Phil.  See,  vol.  3G,  No.  155,  1897,  pp.  30(>-308. 
Reprinted  in  Contributions  to  Biolojry  from  the  Hopkins  Seaside  laboratory, 
No.  12,  Stanford  Univ.,  1897,  pp.  30G-30S. 

Briefly  describes  the  antimony  deposits,  and  gives  a  better  idea  of  the 
distribution  of  the  veins  than  the  others. 
Bain,  H.  F.    Preliminary  report  on  the  lead  and  zinc  deposits  of  the  Ozark 
region:     Twenty -second  Ann.  Rept.  U.  S.  Geol.  Survey,  p.  2,  1901,  p.  133. 
Describes  the  Bellah  mine  from  the  standpoint  of  zinc  production. 

In  but  one  of  these  articles  is  there  attempted  an  explanation  of 
the  origin  of  the  veins  or  ores,  there  is  but  little  description  of  the 
ores  as  such,  and  there  is  some  disagreement  as  to  the  facts  observed 
in  regard  to  the  structure  of  the  veins  and  their  relation  to  the 
country  rock.  In  an  endeavor  to  clear  up  some  of  these  items  and  to 
get  some  idea  of  the  amount  of  ore  available,  the  writer  visited  the 
locality  in  November,  1907,  but  owing  to  the  abandonment  of  the 
mines  they  were  mostly  filled  with  water  and  opportunities  for  ex- 
amination were  limited. 

The  history  of  the  mines  is  not  entirely  clear.  According  to  local 
belief,  antimony  was  discovered  in  the  vicinity  shortly  after  the 
civil  war  by  several  hunters  who  set  a  number  of  rocks  together  to 
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inclose  a  fire  on  which  to  roast  venison.  Some  of  these  rocks  were 
noticed  to  be  peculiarly  heavy,  and  when  the  fire  became  hot,  they 
partially  melted  and  gave  off  fumes  which  imparted  a  disagreeable 
taste  to  the  meat.  Portions  of  the  rock  were  taken  to  Little  Rock, 
where  they  were  identified  as  antimony  ore.  Charles  E.  Wait  *  states 
that  the  discovery  of  antimony  took  place  in  the  winter  of  1873"74. 
However,  work  was  commenced  about  1873  and  was  carried  on, 
whenever  high  prices  for  antimony  permitted,  for  thirty  years. 

GEOLOGY. 

STRATIGRAPHY   AND   STRUCTURE. 

The  rocks  of  the  region  are  alternating  thinly  bedded  sandstones 
and  sandy  or  muddy  shales,  of  Pennsylvanian  and  Mississippian  age.^ 
They  are  of  a  light-yellowish  or  drab  color  where  exposed,  and  dark 
gray  to  black  where  unweathered.  The  rocks  have  been  thrown 
into  very  regular  parallel  folds  running  a  trifle  north  of  east.  The 
folds  are  so  close  that  in  many  places  the  dip  of  the  rocks  approaches 
perpendicularity,  and  so  regular  that  the  strike  of  the  rocks  is  some- 
times used  to  tell  direction. 

The  topography  of  the  country  is  governed  largely  by  the  rock 
^  structure,  and  each  fold  makes  its  individual  hill  or  valley,  modified 
by  the  erosion  of  the  streams.  The  country  is  rough  but  the  relief 
is  not  great,  and  the  hills  probably  nowhere  reach  a  height  of  over 
200  feet  above  the  valleys.  The  main  streams  flow  southward  across 
the  structural  features,  but  the  tributaries  in  general  flow  along 
the  synclines  until  a  weak  point  in  the  rocks  allows  them  to  cut 
through. 

In  the  process  of  folding  the  shales  have  been  compelled  to  slip 
upon  the  stiffer  sandstone  beds,  and  this  has  produced  some  slicken- 
siding  and  crushing.  The  folding  is  supposed  to  be  of  the  same  age 
as  that  of  the  Appalachians,^  probably  post-Carboniferous. 

In  many  places  the  sandstones  and  shales  contain  veins  of  quartz 
ranging  in  thickness  from  a  small  fraction  of  an  inch  to  several  feet. 
The  main  veins,  wherever  seen,  apparently  follow  the  trend  of  the 
structure,  though  locally  the  thinner  ones  form  a  stockwork  in  the 
fractures  of  the  rocks.  No  continuous  joints  or  faults  were  seen 
cutting  the  rocks  across  the  strike,  and  none  have  been  reported  by 
others,  so  that  veins  are  to  be  expected  only  along  structure  lines 
and  such  cracks  or  joints  as  would  naturally  be  formed  by  the  fold- 
ing of  the  rocks  in  one  direction. 

•  Op.  cit.,  p.  42. 

»  Ashley,  George  H.,  op.  clt.,  pp.  245-246. 

«  Griswold,  L.  S.,  Whetstones  and  novaculites  of  Arkansas :  Ann.  Rept.  Arkanfias  GeoL 
Survey  for  1800,  1891,  p.  213. 
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IGNEOUS  ROCKS. 

The  nearest  known  exposed  igneous  rock  is  the  peridotite  of  Pike 
County,  which  has  recently  attracted  much  attention  as  furnishing 
a  possible  source  of  diamonds.  This  rock  is  located  in  sees.  21  and  28, 
T.  8  S.,  R.  25  W.,  between  35  and  40  miles  somewhat  south  of  east 
from  Gilham,  which  is  in  sec.  10,  T.  7  S.,  R.  31  W.,  and  25  miles  from 
the  Busby  mine,  the  nearest  point  at  which  stibnite  has  been  known 
to  be  found.  It  is  probably  an  early  Tertiary  or  late  Cretaceous 
intrusion,  as  it  cuts  sandstones  of  Cretaceous  age.**  The  next  nearest 
igneous  rock  is  an  augitic  dike  in  Montgomery  County,  somewhat 
farther  away,  and  still  farther  east  are  the  Magnet  Cove  and  Fourche 
Mountain  areas  of  syenitic  and  other  rocks.  These  rocks  are  supposed 
to  be  of  about  the  same  age  as  the  peridotite  of  Pike  County.  In 
other  directions  no  igneous  rocks  are  known  for  very  much  longer 
distances. 

TIIK  AXTIMOXY  VEINS. 

BOB  WOLF  MINE. 

The  Bob  Wolf  property  lies  3  miles  east  and  somewhat  north  of 
Gilham.  It  is  locally  known  as  Wolfton,  but  it  was  first  known  by 
the  former  name  and  is  so  designated  in  the  literature.  It  was  first 
worked  for  silver  under  tlie  supposition  that  the  stibnite  was  galena.* 
The  shaft,  which  is  now  much  caved,  is  said  by  Charles  E.  Wait*^  to  . 
have  been  GO  feet  deep. 

The  dip  of  the  country  rock,  which  is  considerably  disturbed  for 
about  2  feet  on  each  side,  could  not  be  measured  along  the  vein,  nor 
could  the  exact  relationship  between  the  two  be  determined,  but  in 
the  road  about  200  feet  north  of  the  vein,  the  rocks  have  a  strike  of  X. 
70°  E.,  with  a  steep  southerly  dip.  In  a  valley  200  or  300  feet  north 
of  the  main  shaft  a  smaller  quartz  vein  also  strikes  N.  70°  E. 

The  rock  in  which  the  main  vein  is  located  is  a  soft,  sandy,  yellow 
to  olive  "  shelly "  ^  shale  with  thin  drab  intercalated  sandstones, 
AATiere  less  weathered  the  sandstone  is  a  very  dark  gray.  One- 
fourth  mile  west  of  the  main  shaft  almost  black  shale  of  muddy 
origin  is  exposed.  As  seen  in  the  top  of  the  shaft  and  in  a  prospect 
hole  a  short  distance  east  of  it,  the  vein  runs  about  east  and  west  with 
an  almost  vertical  dip.  It  varies  in  width  up  to  10  or  12  inches,  and 
may  be  traced  by  old  excavations  along  its  course  for  half  a  mile  or 

«  Branner,  J.  C,  and  Brackett,  K.  N.,  The  peridotite  of  Pike  County,  Ark.  :  Am.  Jour. 
Sci.,   3d  ser..   vol.   38,    1800.   p.   .">.-). 

*  Personal  communication  from  William  Conhoy.  of  Gilham,  Ark. 

^  Op.  cit.,  p.  44. 

«*  "  Shelly  "  is  a  term  much  used  in  the  ail  rej:;ious  to  distinguish  a  shale  which  breaks 
In  curved  plates  somewhat  resemhling  shells. 
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more,  swelling  and  thinning  along  both  strike  and  dip.  The  vein  is 
comby ;  that  is,  the  quartz  has  formed  crystals  which  extend  from  the 
sides  toward  the  center  and  show  terminal  faces.  It  could  not  be  seen 
that  the  solutions  from  which  the  vein  was  deposited  had  exercised 
any  influence  whatever,  such  as  hardening  or  silicification,  on  the  in- 
closing rock.  Many  pieces  of  shale  forming  nuclei  from  which  quartz 
crystals  radiate,  yet  so  soft  that  they  crumble  and  fall  out  like  clay, 
are  included  in  the  vein.  The  vein  is  largely  barren,  and  where  stib- 
nite  occurs,  it  is  found  mostly  between  the  combs  of  quartz.  The 
blades  of  stibnite  lie  nearly  parallel  with  the  waJls  and  so  approxi- 
mately at  right  angles  to  the  quartz  crystals.  Some  very  small  crys- 
tals of  stibnite,  less  than  one-fourth  inch  long,  show  the  peculiar 
erratically  bent  forms  characteristic  of  the  mineral.  Fragments  of 
ore  lying  on  the  dump  show  an  antimony  oxide,  probably  cervantite 
(SbgO^).  Here  arid  there  a  small  amount  of  calcite  forms  thin  bands 
in  the  veins.  The  calcite  is  mixed  with  siderite,  which  in  places  is  of 
a  uniform  reddish-brown  color,  from  oxidation. 

No  sphalerite,  iron  sulphides,  or  other  accessory  minerals  were 
found  in  the  pieces  of  ore  picked  up  around  the  mine.  In  an  analysis 
of  a  specimen  from  the  upper  part  of  the  vein,  Wait*  found  about 
0.5  per  cent  each  of  arsenic  and  bismuth.  In  ore  obtained  near  the 
bottom  of  the  shaft  neither  of  these  minerals  was  present,  but  he 
found  0.002  per  cent  of  cobalt.  Unless  the  sample  taken  for  analysis 
was  large,  so  minute  a  quantity  would  be  indeterminable.  Under 
certain  circumstances,  in  dealing  with  such  small  amounts,  copper 
might  readily  be  mistaken  for  cobalt,  and  as  copper  is  noted  in 
many  veins,  whereas  this  is  the  only  occurrence  of  cobalt  observed, 
this  determination  should  probably  be  accepted  with  caution. 

ANTIMONY    BLUFF   SHAFT. 

The  old  Antimony  Bluff  shaft  was  not  visited  by  the  present 
writer,  as  he  was  assured  that  it  was  so  badly  caved  that  nothing 
could  be  seen  of  the  vein.  This  shaft  was  described  by  Wait,*  who 
states  that  the  vein  had  a  strike  of  N.  13®  E.  and  a  dip  of  70°  N., 
cutting  across  the  stratification.  What  he  evidently  intended  to  say 
was  that  the  main  vein  had  a  strike  of  13°  N.  of  E.,  for  he  makes 
the  strike  the  same  as  that  of  the  veins  at  the  Ben  Wolf  and  Stewart 
mines,  and  they  are  near  the  latter  direction.^  The  vein  contained 
stibnite  in  masses  reaching  30  inches  in  thickness  and  pieces  were 
taken  out  weighing  100  to  500  pounds.     The  ore  was  remarkably 

«0p.  cit.,  pp.  45-49, 

»T.  B.  Comstock  (loc.  cit.)  says  that  the  vein  dipped  79°  N.  27°  W. 
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pure.    Analysis  of  a  specimen  obtained  at  a  depth  of  50  feet  gave 
the  following  result :  ^ 

Analysis  of  stibnite  ore  from  Antimony  Bluff  shaft, 

Stibnite 99.711 

Chalfiopyrite .  055 

Bismuthinite .005 

Gangue .229 

Silver None. 


100.000 


A  minule  trace  of  arsenic  was  found  in  a  specimen  examined  later, 
and  some  arsenopyrite  was  found  in  needle-like  crystals  in  "  a 
siliceous  slate "  accompanying  the  vein  at  one  place.  There  was 
a  small  vein  a  few  inches  in  thickness  on  the  north  side  of  the  shaft 
which  contained  some  lead,  zinc,  and  iron.  Wait  found  silver  up  to 
8  ounces  per  ton  in  the  ore,  but  only  in  those  specimens  which  con- 
tained lead. 

At  60  feet  in  depth  the  ore  pinched  out,  water  came  in,  and  the 
shaft  was  abandoned." 

NEW  DISCOVERY  SHAFT. 

Half  a  mile  or  more  east  of  the  Antimony  Bluff  mine,  a  shaft  said 
to  be  between  100  and  125  feet  deep  was  sunk  in  1902,  and  a  plant 
consisting  of  a  shaft  house,  boiler,  engines,  ore  crusher,  and  black- 
smith shop  was  put  up  on  a  vein  carrying  some  sphalerite  and  galena. 
This  property  is  known  as  the  New  Discovery.  AVhen  visited  the 
vein  was  not  visible  at  the  surface  and  the  shaft  could  not  be  entered, 
but  to  judge  from  a  small  amount  of  ore  in  the  bin  the  deposit  is  evi- 
dently somewhat  different  from  the  others  seen.  The  ore  is  a  brec- 
ciated  sandstone  cemented  with  small  veins  containing  sphalerite, 
galena,  quartz,  and  siderite.  There  are  also  small  amounts  of  pyrites, 
which  may  be  copper  bearing.  Only  one  piece  showing  stibnite  was 
found,  and  it  was  not  certainly  from  this  shaft.  David  Ziedler.  who 
worked  in  the  shaft  until  it  reached  a  depth  of  40  or  50  feet,  stated 
to  the  writer  that  he  saw  no  stibnite  in  the  vein  down  to  that  depth. 
The  ore  bears  little  resemblance  to  the  ores  from  the  antimony-bear- 
ing veins,  and  the  amount  of  quartz  present  is  very  much  less. 

CONBOY  SHAFT  AND  TUNNEL. 

The  old  Conboy  diggings  are  in  the  northeast  corner  of  sec.  5,  T. 
7  S.,  R.  30  W.,  about  one-half  mile  east  of  the  New  Discovery  shaft. 
An  inclined  shaft  90  feet  deep  was  sunk  along  a  quartz  vein  out- 

«  Comstock,  T.  B.,  op.  clt,  p.  142. 
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cropping  on  the  north  side  of  a  hill,  about  100  feet  above  the  base. 
The  shaft  follows  the  dip  of  the  vein  and  is  inclined  about  45°. 

The  stibnite  in  the  shaft  is  said  to  have  averaged  6  inches  in  thick- 
ness for  50  feet  from  the  surface,  below  which  it  became  thinner 
until  it  pinched  out  altogether.  If  there  was  any  such  amount  of 
stibnite  as  this  in  the  shaft  the  ore  shoot  must  have  been  very  narrow, 
for  the  sides  were  not  mined.  Mr.  Conboy  stated  to  the  writer  that 
some  of  the  ore  was  so  rich  in  silver  that  it  was  sold  for  22  cents  per 
pound.  The  fragments  of  ore  found  near  the  shaft  show  a  distinct 
banded  structure,  with  comby  quartz  one-half  inch  thick  on  each 
side  of  a  central  band  of  stibnite  1  to  2  inches  thick,  whose  crystals 
lay  roughly  parallel  to  the  walls.  Scattered  through  the  stibnite 
are  small  crystals  of  quartz  and  some  particles  of  siderite.  Outside 
of  the  comby  vein  there  are  several  thin  bands  of  siderite  with  some 
impurities,  probably  stibnite.  No  galena  was  seen.  A  tunnel  310 
feet  long  cut  the  vein  about  12  feet  below  the  bottom  of  the  shaft. 
At  this  depth  the  vein  had  pinched  to  almost  nothing  and  no  ore 
was  in  sight.  A  drift  was  run  75  feet  eastward  along  the  vein  and 
although  there  w^as  no  ore  in  the  roof  of  the  drift,  it  is  said  that 
in  the  floor  6  or  7  inches  of  stibnite  was  found  at  the  thickest  part. 
The  drift  is  now  caved  and  could  not  be  examined. 

The  tunnel  affords  the  best  place  to  study  the  relations  of  the  rocks 
and  veins,  as  the  walls  are  clean  and  there  is  no  caving.  The  rocks 
strike  N.  77°  E.,  with  a  dip  of  45°  N.  13°  W.  The  vein  follows  the 
bedding  and  lies  between  dark  sandy  shales  and  a  stiffer  thin  bed 
of  sandstone.  Slipping  between  the  beds,  due  to  folding,  is  notice- 
able. 

OTHER  SHAFTS  NEAR  THE  CONBOY. 

About  one-half  mile  farther  east,  in  a  general  way  along  the  strike 
of  the  vein,  a  couple  of  shafts  have  been  sunk  on  a  vein  which  may 
or  may  not  be  the  same  as  that  at  the  Conboy  slope.  Very  little 
stibnite  was  to  be  seen  in  the  fragments  from  the  vein.  There  were 
small  amounts  of  pyrite,  sphalerite,  and  galena,  with  the  usual  quartz 
and  considerable  siderite.  The  vein  seems  to  be  not  over  a  few  inches 
wide. 

Various  other  excavations  have  been  made  along  this  vein  which 
show  it  to  be  parallel  to  the  vein  on  which  the  Stewart  diggings 
are  located,  the  last  of  them  being  located  50  or  60  feet  north  of  the 
Stewart  vein. 

STEWART  MINE. 

About  the  old  Stewart  mine  there  is  now  but  little  to  be  seen  except 
a  caved  trench  showing  the  direction  the  diggings  followed.  C.  E. 
Wait  *  states  that  this  antimony  deposit  was  discovered  considerably 

«  Op.  cit.,  p.  49. 
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later  than  the  Antimony  Bluff  and  Bob  Wolf  outcrops,  but  according 
to  local  tradition  the  Stewart  was  probably  the  first  discovered." 

It  is  said  that  at  some  time  between  1870  and  1872  stibnite  was 
hauled  from  this  mine  to  Little  Rock,  over  100  miles  distant,  and  to 
Fulton,  on  Red  River,  about  Go  miles  distant.  Thence  it  was  taken 
to  New  Orleans  by  boat,  and  from  that  city  shipped  to  England. 

The  diggings  follow  a  direction  about  N.  82°  E.  The  dip  could  not 
be  seen,  but  is  said  by  Comstock  ^  to  be  60°-80°  N.  Wait  ^  states 
that  in  1877,  at  a  depth  of  32  feet,  the. vein  was  about  1  foot  thick  and 
carried  a  streak  of  stibnite  4  inches  thick.  He  shows  the  remarkable 
purity  of  the  stibnite  by  the  following  analysis : 

Analysis  of  stibnite  from  Stewart  mine. 

Antimony G9. 87 

Sulphur - 27. 91 

Iron ^ .02 

Zinc .  01 

Silica 2.  69 

Silver None. 


100.50 

He  found  specimens  of  zinkenite  (PbS.Sbj^Ss),  jamesonite 
(2PbS.Sb2S3),  and  an  oxidation  product  of  the  latter,  bindheimite 
(PbO.Sb2O5.H2O).  One  specimen  of  jamesonite  gave  0.2229  per 
cent  of  silver ;  0.01  per  cent  or  less  each  of  copper,  bismuth,  and  cad- 
mium ;  and  a  trace  of  gold.  Some  galena  occurred  in  the  vein,  but 
sphalerite  is  not  reported,  though  its  presence  would  be  expected.  A 
piece  of  ore  picked  up  on  the  dump  showed  massive  stibnite  in  which 
the  ordinary  bladed  structure  was  wholly  absent. 

The  total  output  of  the  mine  is  unknown ;  25  long  tons  were  pro- 
duced in  1877,^  and  between  188G  and  1880  the  yield  was  50  tons  of 
high-grade  ore.    Some  other  small  amounts  have  also  been  taken  out. 

MAY  MINE. 

The  May  claim  lies  about  half  a  mile  eist  of  the  Stewart,  on  a  vein 
along  which  a  considerable  number  of  excavations  have  been  made 
and  which  may  or  may  not  be  a  continuation  of  the  Stewart  vein. 
It  is  in  the  NE.  i  sec.  4,  T.  30  W.,  R.  7  S.,  about  1  mile  south  of 
Antimony  post-office,  and  about  8  miles  north  of  east  from  Gilham. 
The  excavations  show  that  the  vein  strikes  N.  80°  E.,  with  a  southerly 
dip  that  is  almost  vertical.  The  vein  follows  the  bedding  of  the 
country  rock,  which  is  sandy  and  muddy  shale,  a  good  deal  shattered. 
There  has  been  some  horizontal  movement  along  the  vein,  but  no  verti- 
cal movement  could  be  noted,  though  the  exposures  are  poor  and  it 

«  Personal  communication   from   William   Conboy,   of  Gilham,  Ark. 

*  Op.  clt.,  p.  138. 

«■  Op.  clt.,  p.  52. 

'^  Wait,  C.  E.,  op.  clt.,  p.  52. 
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can  not  be  stated  that  there  has  been  none.  The  shale  is  thinly 
bedded  and  is  so  dark  a  short  distance  below  the  surface  that  the 
dumps  from  the  shafts  look  much  like  "  slack  "  piles  in  the  bituminous 
coal  fields. 

This  claim  was  worked  for  antimony  as  late  as  1903,  and  there  is 
on  it  a  shaft  house  with  hoisting  and  air-compressing  machinery  in 
fair  shape.  The  shaft  is  located  almost  at  the  foot  of  the  south  slope 
of  a  hill,  about  30  feet  south  of  the  outcrop  of  the  vein.  At  the  time 
it  was  visited  the  shaft  was  full  of  water. 

Mr.  Paul  Knod,  of  Gilham,  one  of  the  owners  of  the  property,  gave 
the  following  information  concerning  the  mine : 

The  shaft  is  vertical,  8  by  9  feet,  125  feet  deep,  and  solidly  cribbed  for  113 
feet  below  the  surface.  At  a  depth  of  45  feet  a  crosscut  reached  the  vein  at  27 
feet,  where  only  a  little  disseminated  stibnite  was  carried  in  the  quartz. 

At  80  feet  in  depth  a  crosscut  reached  the  vein  in  22  feet,  at  which  point  it 
carried  a  sheet  of  solid  stibnite  6  inches  thick.  A  drift  was  run  33  feet  to  the 
east,  and  a  stope  10  feet  wide  was  driven  18  feet  high.  From  16  to  18  tons  of  ore 
was  taken  out  of  this  drift  and  stope.  At  100  feet  in  depth  the  vein  was  reached 
by  a  crosscut  17  feet  long.  A  drift  was  run  18  feet  to  the  east,  where  the  ore 
was  about  10  inches  thick  in  the  face. 

The  last  work  was  done  in  1903.  In  that  year  27  tons  of  ore,  which  ran  61.5 
per  cent  antimony  and  brought  $57  per  ton,  was  shipped  to  New  York. 

A  small  amount  of  bismuth  and  traces  only  of  arsenic  and  copper  are  said  to 
have  been  found  in  the  ores. 

There  is  now  lying  upon  the  dump  probably  between  20  and  30  tons  of  ore 
that  needs  some  concentrating  to  malce  it  marketable.  The  ore  contains  quartz, 
siderite,  calcite,  and  some  pyrite  as  impurities. 

Some  years  before  the  present  shaft  was  dug  two  other  shafts,  300  and  600 
feet  west  of  it,  were  sunk  simultaneously.  The  shaft  600  feet  west  reached  a 
depth  of  110  feet,  and  at  one  place  had  22  inches  of  stibnite.  The  third  shaft, 
sunk  to  90  feet  in  depth,  had  a  "  feather-edge  "  of  stibnite  at  the  surface  and 
but  5  inches  at  the  thickest. 

In  1906  plans  were  made  by  the  company  owning  the  claims  to  work  the 
mines  again,  but  before  the  work  could  be  commenced  the  price  of  antimony  fell 
too  low  to  make  it  profitable. 

BUSBY  MINE. 

The  Busby  mine  is  in  the  northeast  corner  of  Sevier  County  and  is 
said  by  Ashley  **  to  have  shown  some  stibnite,  but  there  is  no  record  of 
any  production. 

OTTO  AND  VALLEY  MINES. 

The  Otto  mine  is  located  near  the  middle  of  sec.  20,  T.  31.  W.,  R. 
7  S.,  about  3^  miles  southwest  of  Gilham,  in  the  valley  of  a  tributary 
of  Roaring  Fork.  The  country  rocks  are  similar  to  those  described 
at  the  other  mines.  The  mine  is  now  caved  in  and  nearly  filled  with 
water,  so  that  but  little  can  be  seen.     However,  the  vein  is  fairly  well 

«  Op.  cit.,  p.  307. 
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exposed  at  the  top  of  the  shaft,  where  it  is  split  into  two  branches, 
each  10  or  12  inches  thick  and  about  3  feet  apart.  They  evidently 
join  at  a  depth  of  20  or  25  feet.  The  strike  is  about  N.  72°  E.,  and 
the  dip  approximately  vertical.  The  rocks  are  somewhat  disturbed 
at  the  surface,  probably  from  weathering,  so  that  the  relation  of  the 
vein  to  the  rocks  is  not  certain.  Half  a  mile  farther  west  the  rocks 
strike  N.  80°  E. 

Comstock*  visited  the  mine  in  1887  and  states  that  the  ores  con- 
tained a  considerable  amount  of  lead,  and  one  assay  gave  1.2  ounces 
of  silver  per  ton.  Pieces  of  ore  picked  up  on  the  dump  showed  much 
zinc  blende  in  small  crystals.  In  some  specimens  quartz  shows  pecul- 
iar reentrant  angles  and  is  somewhat  etched. 

Ashley  ^  states  that  at  the  time  he  visited  the  mine  (1892)  the  shaft 
was  sunk  to  a  depth  of  230  feet  and  was  still  in  good  ore.  According 
to  local  tradition,  over  a  thousand  tons  of  antimony  ore  was  pro- 
duced by  this  mine. 

The  Valley  shaft  was  situated  a  few  hundred  feet  east  of  the  Otto. 
It  did  not  produce  much  antimony,  and  but  little  is  known  of  its 
ores. 

BELLAH  MINE. 

The  Bellah  mine,  6^  miles  southwest  of  Gilham,  was  not  visited 
by  the  writer,  as  it  was  said  to  be  full  of  water.  It  has  recently  been 
operated  as  a  zinc  mine,  and,  according  to  Bain,''  was  worked  during 
the  war  by  the  Confederate  Government  for  lead.  He  states  that  a 
well-defined  vein  3  to  8  feet  wide  cuts  across  the  shales  with  a  strike 
of  N.  82°  E.,  and  is  perpendicular  at  the  surface,  dipping  80°  N.  at 
145  feet  in  depth.  It  was  at  that  time  (1900)  developed  to  a  depth 
of  160  feet.  The  vein  shows  both  vertically  and  horizontally  striated 
slickensides,  and  is  made  up  of  comby  quartz  containing  angular 
fragments  of  the  country  rock.  Below  115  feet  zinc  blende  is  the 
more  important  ore,  with  lesser  amounts  of  galena  and  chalcopyrite. 
No  mention  is  made  of  antimonial  ores.  Ore  seen  by  the  present 
writer  showed  a  quartz  comb  with  zinc  blende  spread  over  the  ends 
of  the  quartz  crystal. 

OTIIKU  VEIXS. 

Besides  the  veins  on  which  the  deposits  here  described  are  located, 
others  which  have  simihir  trend  and  apparently  similar  relations  to 
the  country  rock  and  belong  to  the  same  age  as  those  in  the  vicinity 
of  Gilham  are  reported  by  Ashley  ^  to  occur  north  of  Gilham  in  Tps. 
5  and  0.  Some  of  these  carry  considerable  chalcopyrite.  Jenney'' 
says  that  this  system  of  veins  may  be  followed  northeastward  past 

«  Op.    cit..    pp.    14^-144.  '•  Op.  cit.,  p.   133. 

"  Op.    cit.,    p.    308.  d  Op.  cit.,  pp.  206-208. 
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Little  Rock,  but  this  may  be  too  great  a  generalization.  Joseph  A. 
Taff,  of  the  United  States  Geological  Survey,  in  a  personal  communi- 
cation, states  that  west  of  this  area,  in  Oklahoma,  there  are  many 
apparently  similar  but  smaller  quartz  veins. 

SUMMARY  AND  DEDUCTION'S. 

In  general  the*  veins  described  are  comby  quartz  structures  follow- 
ing the  bedding  planes  of  the  shales  and  sandstone  in  which  they 
are  found.  They  are  slickensided,  showing  both  horizontal  and  ver- 
tical striations.  The  country  rock  has  not  been  affected  by  the  solu- 
tions from  which  the  quartz  has  been  deposited,  even  the  included 
fragments  in  the  veins  remaining  unaltered,  but  forming  nuclei  from 
which  the  quartz  crystallized. 

The  original  minerals  found  in  the  veins  are  quartz,  stibnite, 
jamesonite,  zinkenite,  galena,  sphalerite,  pyrite,  chalcopyrite,  siderite, 
and  calcite.  Traces  are  found  of  arsenic,  bismuth,  cadmium,  co- 
balt (  ?),  silver,  and,  minutely  and  rarely,  gold.  Cervantite  and  bind- 
heimite  occur  as  oxidation  products  of  stibnite  and  jamesonite, 
respectively. 

The  ores  have  been  mostly  rather  pure  oxide  and  sulphide  of  anti- 
mony, or  lead  ores,  in  many  places  silver  bearing,  for  40  to  115  feet 
from  the  surface,  below  which  sphalerite  and  other  impurities  begin 
to  come  in.  The  ores  which  are  easily  oxidizable,  or  those  whose 
oxidation  products  are  readily  soluble,  have  been  more  or  less  com- 
pletely leached  from  the  upper  portions  of  the  veins  to  the  depth 
mentioned,  which  probably  corresponds  to  the  lower  limit  of  varia- 
tion of  the  ground-water  surface. 

The  minerals  occurring  in  the  veins  are  deposited  upon  the  faces 
of  the  quartz  crystals  forming  the  combs,  and  are  therefore  younger 
than  most  of  the  quartz,  although  a  certain  amount  of  quartz  has 
been  deposited  later  with  the  metallic  minerals. 

There  is  a  central  area  through  which  the  veins  predominantly 
carry  stibnite;  elsewhere  either  the  other  minerals  preponderate  or 
no  stibnite  is  present.  This  area  runs  northeastward  from  the  Otto 
mine  to  the  May — a  distance  of  about  8  miles  in  a  direct  line,  and  is 
perhaps  2  miles  wide. 

The  ore  bodies  occur  in  thin  lenticular  masses  whose  longest  dimen- 
sion approaches  vertical ity  and  may  reach  more  than  100  feet.  The 
width  may  be  from  3  or  4  feet  to  20  or  even  40  feet;  the  thickness 
ranges  from  a  "  feather-edge  "  to  2^  feet. 

The  list  of  minerals  given  above  as  being  found  in  the  veins  at  once 
suggests  igneous  origin — that  is,  that  the  solutions  from  which  the 
veins  were  deposited  had  their  origin  in  igneous  magmas,  or  at  least 
picked  up  their  load  of  minerals  from  them.    The  rather  wide  dis- 


252        CONTRIBUTIONS  TO  ECONOMIC   GEOLOGY,  1907,  PART   I. 

tribution  in  Arkansas  of  small  igneous  intrusions  whose  general  trend 
is  about  the  same  as  that  of  the  veins,  and  which,  as  in  the  vicinity  of 
Hot  Springs,  even  now  are  either  directly  or  indirectly  responsible 
for  flowing  hot  waters,  such  as  the  springs  for  which  the  town  is 
named,  gives  such  a  theory  much  plausibility.  In  the  folding  of  the 
strata  the  upper  parts  of  the  anticlines  are  cracked  by  the  tensional 
strains  put  upon  them.  Exactly  the  same  thing  must  happen  to  the 
lowest  strata  turning  under  the  synclines.  Into  these  cracks  the 
waters  forced  from  below  would  naturally  flow,  but  the  beds  in  the 
middle  and  upper  portions  of  the  synclines  are  compressed  and  less 
fractured,  so  that  the  solutions  would  be  turned  aside  to  continue 
upward  by  way  of  bedding  planes  where  unevenness  and  slipping 
had  been  caused  by  dissimilarity  of  the  beds,  as  of  shale  and  sand- 
stone, and  along  such  cracks  they  would  travel  to  the  surface.  If 
the  explanation  that  the  veins  were  formed  by  waters  connected 
with  the  intrusive  rocks  is  accepted  for  their  origin,  then  their  age 
would  be  but  little  less  than  that  of  the  intrusions,  probably  early 
Tertiary  or  late  Cretaceous. 

With  such  a  deep-seated  origin  it  is  probable  that  the  lenses  of  ore 
will  alternately  make  and  pinch  out  to  a  considerable  depth,  and  in 
times  of  high  prices  for  ore,  such  as  prevailed  during  1906,  some  of 
the  mines  might  be  worked  at  a  profit.  It  can  not  be  stated,  however, 
what  the  vertical  extent  of  any  ore  shoot  may  be,  and  below  the 
ground-water  level  varying  amounts  of  impurities  consisting  of  zinc 
blende,  chalcopyrite,  and  iron  pyrite  are  to  be  expected. 


ANTIMONY  IN  SOUTHERN  UTAH. 


By  G.  B.  Richardson. 


INTRODUCTION^. 

The  occurrence  of  antimony  in  southern  Utah  has  long  been  known. 
The  deposits  have  been  worked  at  irregular  intervals  since  1880  and 
it  is  reported  that  more  than  $100,000  worth  of  ore  has  been  shipped 
from  the  property  on  Coyote  Creek,  in  Garfield  County.  This  prop- 
erty was  described  by  Blake  ^  and  a  report  on  the  general  geology  of 
the  region  was  made  by  Button.^ 

The  rise  in  the  price  of  antimony  in  1905  and  1906  led  to  renewed 
activity  in  developing  the  neglected  deposits  in  the  United  States,  and 
after  a  period  of  no  production  covering  several  years,  295  tons,  part 
of  which  came  from  Utah,*'  were  mined  in  this  country  in  1906.  A 
large  concentrating  mill  has  recently  been  erected  in  the  valley  of 
Coyote  Creek,  and  preparations  have  been  made  for  active  mining. 
The  writer  spent  a  few  days  at  this  property  in  September,  1907,  and 
is  indebted  to  Mr.  Thompson  Campbell,  of  the  Utah  Antimony  Com- 
pany, for  many  courtesies. 

liOOATTOX. 

Coyote  Creek  is  a  branch  of  the  East  Fork  of  Sevier  River.  The 
stream  occupies  a  short,  narrow  valley  in  the  northwestern  part  of 
Garfield  County,  in  the  midst  of  the  high  plateaus  of  Utah.  The 
camp  is  about  40  miles  by  road  southeast  of  Marysvale,  the  terminus 
of  the  San  Pete  and  Sevier  branch  of  the  Rio  Grande  Western  Rail- 
way. The  elevation  of  the  mines  is  about  7,000  feet;  the  Awapa 
Plateau  to  the  north  and  the  Aquarius  Plateau  to  the  south  and  east 
rise  2,000  to  3,000  feet  higher. 

»  Blake,  W.  P.,  Mineral  Resources  U.  S.  for  1883  and  1884,  U.  S.  Geol.  Survey,  1885,  pp. 
«4 3-644. 

*  Dutton,  C.  E.,  Geology  of  the  High  Plateaus  of  Utah,  1880. 

*  The  Mineral  Industry  during  1906,  p.  4. 
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OUTLINE  OF  GEOIiOGY. 

The  rocks  of  this  general  region  form  a  part  of  the  igneous  complex 
of  south-central  Utah.  They  consist  of  lava  sheets,  beds  of  tuflf  and 
volcanic  conglomerate,  and  intrusive  masses  of  various  types.  These 
igneous  rocks  cap  the  highest  plateaus  and  overlie  an  eroded  surface 
of  Eocene  strata  which  outcrop  at  lower  elevations  around  the  igneous 
uplands.  Beneath  the  Tertiary  rocks  lie  several  thousand  feet  of 
Mesozoic  and  Paleozoic  sediments,  which  are  exposed  in  a  series  of 
descending  benches  southward  from  the  High  Plateaus  to  the  plat- 
form in  which  Colorado  River  has  cut  the  Grand  Canyon.  The 
plateaus  are  traversed  by  a  number  of  normal  faults  of  large  displace- 
ment which  trend  in  general  north  and  south.  One  of  these  faults, 
together  with  the  action  of  erosion,  has  exposed  a  small  area  of 
Eocene  sediments  in  Coyote  Creek  valley  and  it  is  in  these  beds  that 
the  antimony  occurs. 

The  valley  of  Coyote  Creek  is  occupied  by  a  variable  succession  of 
strata.  At  the  base  of  the  section  there  is  150  feet  of  gray  conglom- 
erate composed  of  roijnded  pebbles  of  quartz  and  quartzite  up  to  6 
inches  in  diameter,  in  a  sandy  matrix.  The  conglomerate  is  overlain 
by  a  great  mass  of  fine-textured  buff  and  reddish  sandstone,  with  sub- 
ordinate drab  and  red  sandy  and  clayey  shale  and  thin-bedded  lime- 
stone, amounting  in  all  to  several  hundred  feet  in  thickness.  No  fos- 
sils have  been  found  in  these  rocks,  but  because  of  their  lithologic  re- 
semblance to  Eocene  strata  elsewhere  in  the  plateau  region  they  are 
provisionally  referred  to  that  period.  These  sediments  are  succeeded 
by  about  1,000  feet  of  andesitic  tuff  and  lava  which  cap  the  surround- 
ing plateaus.  The  rocks  lie  approximately  flat,  though  there  is  a 
general  low  northeastward  dip.  At  the  mouth  of  Coyote  Canyon  a 
fault  causes  the  strata  to  dip  steeply  westward. 

0(  CURKKXCE  OF  TlIK  ORE. 

The  ore  consists  of  stibnite  and  its  oxidation  products,  which  occur 
generally  in  flat-lying  deposits  in  the  sandstone  and  conglomerate. 
The  chief  zone  of  mineralization  is  adjacent  to  the  contact  of  the  con- 
glomerate and  overlying  sandstone,  the  ore  occurring  most  commonly 
in  fine-textured  argillaceous  sandstone  a  few  feet  above  the  conglom- 
erate. In  many  places  a  bed  of  clay  shale  about  5  feet  thick  immedi- 
ately underlies  the  ore-bearing  sandstone,  and  locally  the  upper  part 
of  the  conglomerate  is  mineralized.  The  ore  does  not  occur  persist- 
ently and  uniformly,  though  it  is  present  most  commonly  at  this  gen- 
eral horizon  on  both  sides  of  Coyote  Creek. 

In  the  early  days  of  development  attention  was  given  chiefly  to  the 
lenses  of  ore,  the  "  kidney  "  deposits.    The  known  lenses  have  now  all 
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been  worked  out,  but  it  is  said  that  they  ranged  from  several  inches 
to  20  feet  in  thickness.  It  is  reported  that  55  tons  of  ore  were  re- 
moved from  one  of  these  lenses.  At  present  no  large  bodies  of  stib- 
nite  are  in  sight  but  there  is  a  great  amount  of  low-grade  ore. 

The  occurrence  and  character  of  the  deposits  vary  in  the  different 
prospects.  A  common  occurrence  is  in  layer-like  bodies  of  irregular 
thickness  but  averaging  only  a  few  inches.  The  "  layers  "  are  not 
continuous  beds  and  they  are  only  approximately  parallel  to  the  bed- 
ding. Many  of  them  are  undulatory  and  thicken  and  thin  out  irreg- 
ularly. In  a  number  of  places  thin  bodies  of  ore  were  observed  cut- 
ting across  the  bedding  of  the  sandstone  and  connecting  the  more 
nearly  horizontal  deposits.  The  ore  also  commonly  occurs  dissem- 
inated in  the  sandstone,  in  irregular  segregations. 

A  characteristic  feature  of  the  antimony  deposits  of  Coyote  Creek 
is  that  the  ore  consists  only  of  stibnite  and  its  oxidation  products, 
gangue  minerals  being  almost  completely  absent.  Only  one  exception 
was  observed,  at  the  Emily  claim,  on  the  south  side  of  the  creek,  where 
in  a  small  gash  vein  but  a  few  inches  wide  stibnite  and  pyrite  are 
associated  with  calcite.  A  thin  section  cut  along  the  contact  of  the 
stibnite  with  the  country  rock  shows  an  uneven  junction,  the  stibnite 
extending  very  irregularly  into  the  sandstone.  Locally  stibnite,  with 
well-defined  crystal  faces,  penetrates  and  is  partly  embedded  in  ad- 
jacent quartz  grains  of  the  sandstone. 

The  stibnite  occurs  in  a  variety  of  forms.  In  the  larger  ore  bodies 
it  is  commonly  present  in  aggregates  of  prismatic  crystals  arranged 
radially  or  in  columnar  masses.  In  one  group  crystals  G  inches  long 
were  observed.  It  is  also  present  in  indiscriminately  mixed  groups 
of  acicular  crystals.  Adjacent  to  the  outcrop  the  stibnite  is  almost 
invariably  oxidized  and  the  steel-gray  sulphide  gives  place  to  the 
lighter  brown,  yellow,  and  white  oxidation  products.  A  number  of 
oxidized  specimens  were  examined  by  Dr.  W.  T.  Schaller,  of  the 
United  States  Geological  Survey,  to  determine  the  variety  of  these 
products.  He  reports  that  they  are  anhydrous  and  easily  fusible  and 
that  they  are  either  valentinite  or  senarmontite — ^probably  the  former, 
as  reported  by  Blake.**  In  many  places  the  valentinite  occurs  in 
acicular  crystals  as  a  pseudomorph  after  stibnite.  Associated  with 
the  ore  and  forming  efflorescences  on  the  walls  of  the  country  rock, 
the  following  minerals  are  'locally  present :  Epsomite ;  a  hydrous 
magnesium  sulphate;  a  hydrous  aluminum  sulphate,  probably 
alunogen ;  a  hydrous  ferrous  sulphate ;  and  gypsum. 

Small  quantities  of  arsenic  minerals  have  been  found  in  the  valley 
of  Coyote  Creek  contiguous  to  the  antimony  deposits,  but,  so  far  as 
the  writer  is  aware,  not  immediately  associated  with  them.  On  the 
north  side  of  the  creek,  about  100  feet  southeast  of  the  stibnite  pros- 

•  Loc.  clt. 
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pect  known  as  "  Black  Jack  No.  2,"  there  is  a  small  deposit  of  the  sul- 
phides of  arsenic  in  shales  of  Eocene  age.  Realgar  and  orpinient  in 
irregular  seams  ranging  in  thickness  from  a  fraction  of  an  inch  to 
about  6  inches  and  only  a  few  inches  in  length  occur  in  a  blue-drab 
clay  shale.  No  other  vein  minerals  are  present  and  the  realgar  and 
orpiment,  in  small  crystals,  are  intimately  associated.  Other  similar 
occurrences  of  small  amounts  of  arsenic  are  reported  in  the  valley  of 
Coyote  Creek. 

The  occurrence  of  the  ore  indicates  that  it  is  of  epigenitic  origin — 
that  is,  it  was  formed  subsequently  to  the  deposition  of  the  rocks  in 
which  it  is  found,  and  its  origin  is  probably  connected  with  the  ad- 
jacent igneous  rocks,  as  suggested  by  Blake.  The  antimony  may  have 
been  derived  from  these  rocks  either  during  their  intrusion  through 
the  sediments  or  less  probably  after  their  eruption  on  the  surface,  the 
stibnite  being  deposited  from  percolating  solutions  in  part  filling  ex- 
isting spaces  and  in  part  by  metasomatic  replacement  The  bed  of 
shale  which  in  many  places  immediately  underlies  the  ore  apparently 
arrested  the  solutions  and  determined  the  local  concentration  of  the 
stibnite.  In  such  places  evidently  the  solutions  were  not  directly 
ascending  but  moved  either  laterally  or  from  above. 

DEVELOPMENT. 

The  deposits  of  antimony  adjacent  to  Coyote  Creek  have  been 
worked  ^sporadically  for  the  last  twenty-seven  years.  For  the  most 
part  this  work  has  been  limited  to  the  exploitation  of  the  large  lenses 
and  little  or  no  systematic  mining  has  been  done.  There  has  been 
considerable  prospecting,  however,  and  a  score  or  more  of  tunnels 
have  been  driven  into  the  deposits  at  various  places  on  both  sides  of 
the  creek. 

In  the  past  work  has  been  chiefly  directed  toward  getting  high- 
grade  ore  running  between  50  and  GO  per  cent  of  antimony.  The 
"  kidney  "  deposits  were  exploited,  and  hand-sorted  ore  was  shipped. 
One  attempt  was  made  to  smelt  the  ore  on  the  property,  but  all  efforts 
proved  that  with  such  methods  competition  could  not  be  met. 

It  is  diiBcult  to  estimate  the  amount  of  available  antimony,  but  in 
the  dumps  of  the  old  prospects  and  in  the  tunnels  there  is  a  great 
amount  of  low-grade  ore  in  sight.  The  problem  is  how  to  handle  the 
material  economically.  Toward  tliis  end  a  modern  concentrating  mill 
has  been  erected  and  it  is  proposed  to  make  star  metal  on  the  property. 


(^.ARNOTITE  AND  ASSOCIATED  MINERALS  IN  WESTERN 
ROUTT  COUNTY,  COLO. 


By  HoYT  S.  Gale. 


INTRODUCTION. 

In  a  short  paper,  published  about  a  year  ago,  the  author  described 
an  occurrence  of  carnotite  at  a  locality  on  Coal  Creek,  in  eastern  Rio 
Blanco  County,  Colo."  During  the  summer  of  1907,  while  engaged 
in  a  further  reconnaissance  in  the  northwestern  part  of  the  same 
State,  he  found  opportunity  to  examine  another  occurrence  of  the 
same  mineral  in  Routt  County,  in  a  locality  about  60  miles  in  a  direc- 
tion a  little  north  of  due  west  from  the  prospects  previously  described. 
The  Routt  County  deposits  are  said  to  have  been  known  some  time 
previous  to  the  discovery  of  those  at  the  Coal  Creek  locality.  They 
are  situated  at  the  southern  foot  of  Blue  Mountain  (known  as  Yampa 
Plateau  on  the  early  maps  of  the  region),  about  18  miles  due  east 
from  the  Colorado-Utah  boundary.  The  prospects  visited  lie  along 
the  summit  and  flanks  of  the  highest  hogback,  about  2  miles  west  of 
Skull  Creek,  which  is  the  main  east  fork  of  Red  Wash.  A  number  of 
claims  have  been  staked  there  and  some  prospecting  has  been  done 
along  a  narrow  strip  of  land  adjacent  to  the  sandstone  hogback  in 
which  the  ores  occur.  This  strip  extends  from  east  to  west  through 
the  northern  tier  of  40-acre  tracts  in  sec.  35,  T.  4  N.,  R.  101  W.,  of  the 
resurvey  of  that  part  of  Colorado,  and  the'prospects  are  said  to  extend 
beyond  these  limits  along  the  outcrop  of  the  same  group  of  strata. 
These  prospects  are  mentioned  in  a  recent  report  of  the  Colorado 
State  Bureau  of  Mines,  and  analyses  of  some  of  the  ores  are  given 
there.^ 

This  group  of  claims  is  of  interest  as  furnishing  another  instance 
of  the  occurrence  of  these  rare  minerals,  and  especially  as  Dr.  Hille- 
brand  has  discovered  the  presence  of  a  selenite,  presumably  of  cop- 
per, in  some  of  the  ores  collected.    The  deposits  are  also  interesting 

•Carnotite  In  Rio  Blanco  County,  Colo.:  Bull.  U.  S.  Geol.  Survey  No.  315,  1907,  pp. 
110-117. 

»  Report  for  1005-6,  Denver,  Colo.,  1008. 

47076— Bull.  340—08 17  257 


258        CONTBIBUTIONS  TO  ECONOMIC  GEOLOGY,  1907,  PABT  I. 

on  account  of  the  remarkable  simplicity  of  the  structural  and  strati- 
graphic  relations  of  the  beds  containing  the  ores.  The  Blue  Mountain 
deposits  are  essentially  similar  to  those  on  Coal  Creek,  and  the  de- 
scription of  the  geology  of  the  former  in  the  present  paper  will  serve 
by  comparison  as  a  convenient  means  of  correcting  a  misapprehension 
derived  from  the  tentative  conclusions  of  the  former  observations.  As 
explained  in  another  paragraph  it  is  now  recognized  that  the  deposits 
at  both  places  occur  in  rocks  of  Jurassic  age,  which  are  therefore  older 
than  the  Dakota  formation. 

STRUCTURE. 

The  ores  occur  in  the  steeply  tilted  ledges  at  the  southern  foot  of 
Blue  Mountain.  This  locality  is  on  the  southern  flank  of  a  domal 
flexure  or  uplift  which  has  been  described  in  the  early  surveys  as  the 
Midland  uplift.  This  name  is  derived  from  that  of  Midland  Ridge, 
the  northern  border  of  the  same  structural  feature,  now  represented 
by  a  high  and  very  conspicuous  escarpment,  partly  surrounding  and 
inclosing  an  interior  basin  eroded  along  a  portion  of  the  main  axis  of 
the  uplift. 

The  principal  axis  of  the  Midland  uplift  lies  in  an  east-west  direc- 
tion. It  pitches  sharply  and  terminates  near  the  State  line  on  the 
west  and  continues  eastward  for  30  miles  or  more.  At  the  upper  val- 
ley of  Wolf  Creek  the  axis  bends  southward,  and  pitching  also  in  that 
direction  crosses  White  River  at  the  mouth  of  Wolf  Creek,  where  it  is 
lost  in  the  flat-lying  strata  of  the  plateau  ridges  to  the  south. 

STRATIGRAPHY. 

The  rocks  in  which  the  carnotite  and  associated  minerals  are  found 
are  of  Jurassic  age.  The  discovery  of  determinative  fossils,  notably 
in  one  of  the  prospect  pits  from  which  the  ore  itself  has  been  obtained, 
is  considered  to  have  definitely  established  this  point.*  The  rock  in 
which  the  ore  occurs  is  a  coarse  white  sandstone,  exceedingly  massive 
and  of  great  thickness.  The  deposits  occur  in  the  upper  massive  beds 
of  the  sandstone  group.  The  chief  distinguishing  feature  of  this 
sandstone  is  its  amazing  development  of  cross-bedding  or  false- 
bedding  structure.  This  character  continues  to  the  same  remarkable 
extent  as  far  as  the  formation  has  been  traced.  Measurements  give  the 
thickness  of  this  formation  near  the  carnotite  prospects  as  approxi- 
mately 800  feet.  It  is  divided  about  midway,  below  the  horizon  of  the 
carnotite-bearing  strata,  by  a  small  group  of  clay  beds  of  a  brilliant 
red  color  resembling  that  of  the  much  thicker  series  of  red  clay  and 

«The  fossils  were  found  In  the  principal  development  here  described.     The  following 
species  were  Identified  by  Dr.  T.  W.  Stanton  :  Trigonia  quadrangularU  H.  and  W.,  Tatk- . 
credia  sp.    The  specimens  are  deposited  in  the  National  Museum. 
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shales  below.  The  massive  sandstone  ledges  are  relatively  more  re- 
sistant to  erosion  than  any  of  the  adjacent  formations  either  above 
or  below,  and  they  thus  commonly  form  the  highest  summits  or  hog- 
backs, the  adjoining  beds,  where  not  protected  by  them,  being  eroded 
to  lower  valley  lands. 

This  formation  was  mapped  and  described  as  Triassic  in  age  in  the 
work  of  the  early  Hayden  Survey,  probably  through  lack  of  paleon- 
tologic  evidence.  It  is  clearly  the  same  as  that  described  by  Powell 
under  the  name  White  Cliff  sandstone  in  his  "  Geology  of  the 
Uinta  Mountains."  From  Powell's  descriptions  of  the  continuity  of 
outcrop  of  these  particular  beds  even  as  far  as  southwestern  Colorado 
and  adjacent  parts  of  Utah,  it  seems  very  clear  that  this  formation  is 
the  same  as  that  named  La  Plata  by  Cross  in  his  work  in  that  region. 
It  is  thus  of  the  same  geologic  age  as  the  beds  in  which  the  carnotite 
and  associated  vanadiferous  minerals  are  described  from  various 
localities  farther  south  in  both  Utah  and  Colorado,  and  it  is  also 
similar  to  these  beds  in  lithologic  character. 

It  is  now  recognized  that  the  Coal  Creek  deposits  are  in  this  same 
formation,  the  stratigraphic  relation  of  the  beds  being  less  evident 
at  that  place.  The  Jurassic  sandstones  were  not  differentiated  from 
the  overlying  Dakota  in  the  former  description. 

The  beds  immediately  underlying  the  white  cross-bedded  Jurassic 
sandstone  consist  of  a  considerable  thickness  of  red  and  brilliantly 
colored  strata,  probably  in  large  part  shale,  containing  limestone  and 
sandstone  layers.  This  thickness  was  found  by  rough  measurement 
to  be  approximately  900  feet  in  the  vicinity  of  the  carnotite  deposits. 
It  is  this  group  that  forms  the  major  part  of  the  escarpment  of  the 
Midland  Ridge,  which  rises  on  the  northern  side  of  the  Midland 
Basin  and  is  a  most  conspicuous  and  extraordinary  feature  of  the 
landscape.  This  great  wall  with  its  banding  in  vivid  red  and  gray 
may  be  seen  from  an  extensive  territory  on  the  south,  to  and  beyond 
the  White  River  valley.  Below  these  "  Red  Beds  "  is  a  second  group 
of  massive  white  sandstones.  The  "  Red  Beds "  and  underlying 
sandstone  probably  range  in  age  from  Triassic  above  to  Carbonif- 
erous below. 

The  series  of  beds  immediately  overlying  the  white  Jurassic  sand- 
stone, which  coiltains  the  carnotite  deposits,  is  composed  of  a  group 
of  variegated  clays  and  marls  with  some  limestone  layers.  A  few 
layers  of  a  compact,  thoroughly  silicified  conglomerate  also  occur. 
The  colored  shales  are  characteristically  of  shades  of  clear  pink  and 
green.  They  occupy  many  bare  wash  banks  or  slopes,  especially 
where  protected  by  some  harder  beds  above,  but  they  give  way  so 
readily  to  erosion  that  in  greater  part  they  lie  in  low  valley  areas 
or  badland  washes.  Marine  Jurassic  fossils  occur  in  these  beds  at 
several  horizons  near  their  base.    The  strata  are  very  clearly  -yw^ 
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group  described  by  Powell  as  the  Flaming  Gorge,  and  probably  cor- 
respond in  age  in  their  upper  or  fresh-water  part  to  the  formation 
known  as  Morrison  east  of  the  Rocky  Mountains. 

Above  these  varicolored  shales  there  is  another  group  of  harder 
beds,  consisting  of  conglomerate,  firmly  indurated  sandstone,  and 
interbedded  shales.  This  group  is  commonly  conceded  to  represent 
the  Dakota  formation,  as  recognized  over  an  extensive  territory  in 
this  part  of  the  United  States.  The  Dakota  also  commonly  forms 
hogbacks.  It  underlies  a  great  thickness  of  Upper  Cretaceous  and 
Tertiary  strata. 

NATURE   OF  THE   1>KP08ITS. 

The  best  showing  of  the  minerals  was  found  at  the  summit  of  the 
highest  hogback  in  the  NW.  i  NW.  i  sec.  35,  T.  4  N.,  R.  101  W. 
The  bare  rock  ledge  of  which  this  ridge  is  composed  is  somewhat 
difficult  of  access  and  the  prospects  are  not  easily  found.  The  ores 
observed  were  fragments  and  blocks  thrown  out  upon  the  dump,  and 
also  the  minerals  themselves  in  place  at  the  protected  face  of  the 
deepest  excavated  pit. 

The  ores  present  a  beautiful  display  of  colors.  The  camotite  ap- 
pears to  constitute  a  relatively  small  percentage  of  the  minerals  found. 
It  is  in  the  form  of  a  film  or  thin  crust  of  powdery  or  amorphous 
material  of  bright  canary-yellow  color.  The  carnotite  is  distin- 
guished by  the  chemical  tests  for  uranium  and  vanadium.  The  ore 
contains  also  some  arsenic  in  the  quinquivalent  state.  The  deposit 
as  a  whole  occupies  a  brecciated  zone  in  the  rock,  thj  minerals  being 
concentrated  in  or  evidently  distributed  from  the  coarser  joints  or 
more  porous  layers.  To  a  less  extent  some  of  the  minerals  are  found 
impregnating  the  more  massive  sandstone. 

A  yellow  mineral  closely  rcvsembling  the  carnotite  in  color  and  ap- 
pearance was  found  in  greater  amount.  This  proved  on  testing"  to 
be  a  vanadate  of  copper,  containin^r  no  uranium  and  therefore  not 
carnotite.  These  two  minerals  are  often  difficult  to  distinguish  with- 
out chemical  tests.  The  vanadate  of  copper  is  found  as  minute  clusters 
or  aggregates  of  folia  or  plates  of  clear  crystalline  appearence,  scat- 
tered over  the  surface  or  jointing  planes  of  the  country  rock.  These 
folia  or  plates  are  somewhat  distinct  from  the  more  amorphous 
carnotite  substance,  and  are  also  of  a  darker-greenish  hue.  The  min- 
eral also  occurs,  however,  as  a  powder\^  crust  or  impregnation,  when 
its  only  distinction  from  the  uranium-bearing  mineral  is  its  slightly 
darker,  more  greenish  cast.    Doctor  Hillebrand  considers  this  mineral 

«»  All  tests  on  the  specimens  described  were  made  by  Dr.  W.  F.  Hillebrand  In  the  chem- 
ical laboratory  of  the  United  States  Geological  Survey. 
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the  same  as  some  light-olive  and  yellowish-green  varieties  collected 
and  described  by  Boutwell  from  deposits  near  Richardson,  in  south- 
eastern Utah.« 

The  most  conspicuous  minerals  present  in  the  prospects  are  ex- 
hibited as  bright-green  stains,  which  penetrate  the  country  rock  to  a 
much  greater  extent  than  either  of  the  yellow  minerals.  These  stains 
have  the  characteristic  color  of  malachite,  the  common  copper  car- 
bonate, and  some  of  the  green  substance  was  proved  on  testing  to  be 
that  mineral.  The  veins  and  rock  containing  malachite  also  show  the 
blue  copper  carbonate,  azurite,  in  lesser  amount,  usually  in  small 
rounded  knots  or  balls.  These  two  minerals  present  the  beautiful  con- 
trast of  green  and  blue  so  commonly  known.  A  considerable  portion 
of  the  green  stain,  however,  especially  that  part  found  most  intimately 
associated  with  the  yellow  copper  vanadate,  proved  to  be  practically 
free  from  all  carbonate  material,  and  as  it  gave  the  reaction  for  sul- 
phates and  to  a  small  extent  for  silicates,  it  is  thought  to  be  composed 
of  those  compounds  of  copper.  It  is  suggested  by  Doctor  Hillebrand 
that  this  substance  is  very  probably  the  basic  copper  sulphate, 
brochantite.  Without  the  acid  test  for  carbonates  or  in  a  mixture  of 
the  two  minerals  malachite  and  brochantite,  it  seems  that  it  would  be 
extremely  difficult  to  detect  even  under  the  microscope  the  difference 
between  them.  ^ 

A  most  interesting  discovery  of  the  chemical  tests  has  shown  the 
presence  of  a  copper  selenite  associated  with  the  green  copper  min- 
erals, both  sulphates  and  carbonates.  This  is.  Doctor  Hillebrand  ob- 
serves, the  first  occurrence  noted  of  a  selenite  in  the  United  States. 
It  is  possible  that  the  supposed  selenite  may  be  a  selenate,  but  as 
selenates  have  not  yet  been  discovered  in  nature  it  seems  likely  that 
the  former  class  is  represented. 

Much  of  the  rock  containing  the  basic  copper  sulphate  and  copper 
vanadate  is  speckled  with  small  black  blotches.  These  were  found  to 
contain  manganese  in  peroxide  form  and  also  copper,  perhaps  as  a 
manganite  of  copper,  though  it  is  not  at  all  improbable  that  the  other 
elements  are  present  also. 

In  another  prospect  pit,  about  100  feet  southwest  of  the  prospect 
described  above,  at  the  head  of  a  small  draw  or  gash  eroded  in  the 
face  of  the  bare  rock  ledges  leading  up  from  the  south  side  of  the 
ridge,  the  same  massive  sandstone  rock  was  found  stained  with  a 
green  mineral,  but  without  the  yellow  or  blue  ores.  Tests  of  speci- 
mens of  this  substance  showed  that  it  was  wholly  unlike  either  of 
the  other  two  green  minerals  described  above,  containing  much  chro- 
mium but  no  copper,  vanadium,  nor  uranium.     A  similar  sandstone 

« Boutwell,  J.  M.,  Vanadium  and  uranium  in  southeastern  Utah :  Bull.  U.  S.  Geol. 
Survey  No.   260,   1905,  p.  205. 
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is  described  from  the  Montrose  and  San  Miguel  county  localities,^ 
where  it  was  thought  to  be  possibly  analogous  to  the  vanadium  mica 
roscoelite,  as  under  the  microscope  it  was  found  to  present  a  chloritic 
appearance.  The  color  is  a  bright  green,  very  similar  to  the  green 
minerals  described  above,  with  perhaps  a  very  slightly  deeper  tinge 
of  blue. 

At  places  near  both  prospects  the  rock  is  stained  with  the  more 
common  iron  deposits  (oxides  and  hydrates),  which  color  it  rusty 
brown  or  ocher-yellow. 

The  deposits  as  a  group  resemble  in  general  character  the  previ- 
ously described  occurrences  of  this  mineral,  both  the  Coal  Creek  de- 
posits and  those  still  farther  south  in  Colorado  and  Utah.  The  asso- 
ciation of  silicified  wood  noted  at  the  Coal  Creek  locality  has  not 
been  found,  the  latter  possibly  being  rather  of  an  accidental  nature 
than  bearing  any  genetic  relation  to  the  deposition  of  the  minerals.* 
As  stated,  the  minerals  are  very  evidently  mere  crusts  or  coatings,  or 
surficial  impregnations  in  sheared,  brecciated,  and  jointed  zones  in 
the  rock  mass.  These  zones  of  brecciation  evidently  mark  the  path 
of  the  mineralized  solutions  from  which  the  deposits  have  been 
derived. 

The  extent  and  practical  value  of  the  Blue  Mountain  deposits  is 
not  yet  shown  to  be  of  much  importance.  Nowhere  had  development 
work  been  carried  more  than  10  or  15  feet  in  from  the  surface.  At 
none  of  the  prospects  seen  did  there  appear  to  be  any  gi'eat  quantity 
of  the  minerals  exposed  by  present  developments.  The  occurrence 
of  the  minerals  is  of  itself  an  interesting  feature,  and  there  is  a  possi- 
bility of  further  discoveries. 

» Hlllebrand,   W.   F.,    and   Ransome,    V.   L.,   On   carnotite  and   associated   vanadiferous 
minerals  in  western  Colorado :  Am.  Jour.  Sci.,  4th  sen,  vol.  10,  1900,  p.  134. 
*  Of.  Boutwell,  J.  M.,  op.  cit.,  p.  209. 


TUNGSTEN  DEPOSITS  IN  THE  SNAKE  RANGE,  WHITE 
PINE  COUNTY,  EASTERN  NEVADA. 


By  F.  B.  Weeks. 


INT-RODUCTION. 

A  brief  description  of  the  tungsten  deposits  in  the  Snake  Range, 
eastern  Nevada,  was  published  by  the  writer  (2)«  in  1901,  and  in  1902 
F.  D.  Smith  (6)  published  an  account  of  the  occurrence  and  develop- 
ment of  the  prospects.  In  October,  1907,  the  writer  made  a  more 
detailed  study  of  the  development  at  this  locality  and  the  character 
and  occurrence  of  the  ore  deposition. 

SITUATION. 

In  1900  a  mining  district  was  formed  under  the  name  Tungsten 
mining  district,  embracing  several  square  miles  along  the  western 
slope  of  the  Snake  Range  south  of  Wheeler  Peak  (locally  known  as 
Jeff  Davis  Peak).  This  range  as  an  orographic  feature  begins  about 
25  miles  south  of  this  locality  and  extends  northward  from  its  south- 
em  limit  about  135  miles  between  latitude  38°  and  40°.  It  includes 
the  Deep  Creek  or  Ibanpah  Range  and  the  group  of  connecting  hills 
known  as  "  Kern  Mountains."  This  is  one  of  the  most  extensive  and 
prominent  ranges  between  the  Wasatch  and  the  Sierra  Nevada.  Its 
highest  point,  Wheeler  Peak,  reaches  an  elevation  of  12,000  feet.  (See 
fig.  5,  p.  118.)  In  the  area  of  the  tungsten  prospects  the  surface  of  the 
mountain  slope  is  dissected  by  several  wide,  shallow  gulches  which 
are  dry  except  when  occupied  by  melting  snow  or  storm  waters. 
There  are  several  small  springs,  but  at  present  the  water  sinks  in  the 
gulch  gravels. 

The  region  is  about  45  miles  southeast  of  the  nearest  railroad  at 
Ely,  Nev.  This  road — the  Nevada  Northern — is  140  miles  long  and 
connects  with  the  Southern  Pacific  Railroad  at  Cobre,  Nev.  The 
wagon  road  to  Ely  is  an  excellent  mountain  road  which  crosses  the 

•  Numbers  in  parenthesis  refer  to  corresponding  numbers  In  "  List  of  recent  publica- 
tions "  at  end  of  this  paper. 
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Schell  Creek  Range  (see  map,  fig.  5)  over  a  comparatively  low  pass 
with  no  very  steep  grades.  Prior  to  September,  1906,  the  outlet 
to  the  railroad  was  via  Osceola  over  the  Snake  Range  to  Newhouse, 
Utah,  a  distance  of  100  miles. 

GEOIiOGY. 

The  rocks  of  the  region  are  granites,  which  may  be  in  part  the  oldest 
rocks;  Cambrian  argillites,  quartzites,  shales,  and  limestones,  and 
an  intrusive  granite  porphyry  which  is  younger  than  any  of  the 
sedimentaries.  Within  the  Tungsten  mining  district  the  only  rocks 
exposed  are  the  granite  porphyry  and  the  quartzites  and  argillites. 

The  granite  porphyry  ranges  from  fine  to  coarse  in  texture  and 
from  light  to  dark  gray  and  red  in  color.  It  occupies  the  lower  part 
of  the  mountain  slope  and  forms  a  portion  of  a  considerable  mass 
which  extends  to  the  northeast  for  several  miles  and  is  exposed  on 
the  eastern  side  of  the  range.  There  seem  to  be  slight  indications 
of  deformation  within  the  eruptive  mass,  and  contact  metamorphism 
is  developed  only  to  a  limited  extent.  Apparently  the  intrusion  took 
place  since  the  formation  of  the  mountain  range.  In  general  char- 
acter and  mode  of  occurrence  this  intrusion  of  granite  porphyry 
resembles  many  intrusive  masses  in  other  parts  of  Utah  and  Nevada. 
Some  of  these  are  known  to  be  post-Carboniferous  and  they  may 
be  of  much  more  recent  occurrence. 

The  base  of  the  sedimentary  rocks  is  not  exposed  in  the  Tungsten 
mining  district.  Only  a  small  area  of  purplish  argillite  is  exposed 
in  the  northwest  corner  of  the  district,  overlain  by  100  to  200 
feet  of  quartzite.  The  quartzites  are  gray,  blue,  and  purple,  the 
gray  quartzite  forming  the  larger  part  of  the  series.  The  strata 
are  cut  by  many  quartz  veinlets  which  are  probably  of  secondary 
origin,  formed  during  the  silicification  of  the  original  sandstone. 
The  rocks  are  fine  grained  and  the  alteration  by  silicification  is  very 
complete.  In  thickness  the  beds  range  from  a  few  inches  to  2  fe^t. 
The  argillite  is  a  compact  purple  rock  in  rather  thick  layers.  In 
this  area  it  is  little  altered,  but  in  other  parts  of  this  region  the 
process  of  metamorphism  has  progressed  much  farther  and  the  rock 
has  been  called  "  silvery  slate." 

GFX)L.OGlC    STRITCTUJIE. 

The  Snake  Range. in  this  region  is  a  quaquaversal  dome,  having 
its  center  near  Wheeler  Peak.  Subsequent  to  the  uplift  there  was 
an  intrusion  of  a  considerable  mass  of  igneous  rocks  that  tilted  the 
beds  to  a  high  angle  in  some  parts  of  the  region  and  displaced  them 
in  others.  The  steep  southerly  dips  in  Wheeler  Peak  and  the  high 
ridges  to  the  south  flatten  to  25°  in  the  Tungsten  district.     North 
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of  Wheeler  Peak  the  fold  has  been  broken  by  several  northeast- 
southwest  faults  of  considerable  displacement,  the  beds  having  a 
northeast-southwest  strike  and  dipping  45°  NW. 

In  the  area  shown  on  the  map  the  metamorphism  and  deformation 
which  accompanied  the  intrusion  are  not  so  extensive  as  in  other 
parts  of  the  region. 

VEINS. 

GENERAL  DESCRIPTION. 

The  veins  carrying  the  tungsten  ore  are  not  vertical,  but  pitch  to 
the  northwest  or  southeast  at  varying  angles,  ranging  from  55°  to 
75°,  the  general  direction  being  northeast  and  southwest.  The  actual 
outcrop  is  usually  limited  to  a  few  feet.  From  the  close  proximity 
of  some  of  the  veins  it  might  be  considered  that  they  are  branches 
from  a  main  vein,  but  neither  outcrops  nor  underground  workings 
have  shown  this  to  be  the  case.  In  some  places  the  vein  splits  into 
several  narrow  veins  separated  by  the  country  rock.  Their  occur- 
rence is  irregular  and  from  the  debris  it  appears  probable  that  there 
are  veins  now  covered  by  "  slide  rock."  In  width  they  range  from 
a  few  inches  to  3  feet.  The  composition  of  the  vein  material  is  essen- 
tially quartz  and  hiibnerite,  with  here  and  there  a  little  fluorite,  pyrite, 
and  scheelite.  The  quartz  is  compact  and  contains  no  pores,  vugs, 
or  honeycombed  areas.  A  few  assays  have  been  made  which  show 
the  presence  of  gold  and  silver,  but  the  amount  is  small  and  no 
attempt  has  been  made  to  recover  it.  Well-defined  walls  are  of  com- 
mon occurrence,  but  they  are  not  persistent. 

OCCURRENCE  OF  THE  TUNGSTEN  ORES. 

The  hiibnerite  occurs  irregularly  through  the  vein  material.  In 
some  places  there  has  been  a  concentration  of  the  ore  near  the  walls. 
Hiibnerite  crystals,  varying  in  size  and  completely  surrounding  the 
quartz  crystals,  and  also  quartz  crystals  inclosing  the  hiibnerite,  are 
abundant.  The  greater  part  of  the  ore  is  disseminated  in  fine  grains 
through  the  quartz  or  in  irregular  massive  bodies.  Where  the  veins 
pinch  to  a  few  inches  in  width  the  hiibnerite  occurs  in  thin  stringers 
or  is  interlaminated  with  the  quartz.  No  wolframite  has  yet  been 
deteiTiined  from  this  region.  In  1901  Dr.  W.  F.  Hillebrand  made 
a  qualitative  test  of  two  or  three  specimens  from  the  principal  vein 
which  showed  the  ore  to  be  hiibnerite.  Scheelite  has  been  found  very 
sparsely  disseminated  in  zones  which  appear  to  indicate  shearing. 
It  occurs  in  small  flakes  instead  of  the  usual  granular  or  massive 
forms. 
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There  appears  to  be  a  general  consensus  of  opinion  among  pros- 
pectors and  others  interested  in  tungsten  deposits  that  these  ore- 
bearing  veins  do  not  extend  in  depth.  No  workings  have  thus  far 
been  put  down  which  determine  this  point.  It  may  be  true  that 
some,  possibly  most,  of  the  individual  veins  do  not  extend  to  great 
depths.  In  considering  the  question  of  depth,  however,  it  should 
be  remembered  that  in  this  region  the  intrusive  mass  is  a  part  of  a 
magma  of  unknown  depth,  which  has  been  forced  through  a  con- 
siderable thickness  of  sedimentary  strata.  In  the  area  under  dis- 
cussion erosion  has  removed  at  least  300  feet  from  the  upper 
part  of  the  principal  vein.  In  the  light  of  present  knowledge  of 
veins  of  this  kind  it  seems  probable  that  there  may  be  ore-bearing 
veins  within  the  igneous  mass  which  have  not  yet  been  exposed  by 
erosion. 

ORIGIN  OF  THE  VEINS. 

The  magma  which  intruded  the  sedimentary  strata  probably 
cooled  entirely  beneath  the  surface  and  is  now  exposed  by  erosion 
as  a  body  of  granite  porphyry.  Before  complete  consolidation  the 
magma  was  subjected  to  strains  which  produced  cracks  and  fissures. 
These  fissures,  varying  in  width  and  vertical  extent,  were  distribu- 
ted irregularly  through  a  portion  of  the  rock,  but  in  the  main  strike 
in  a  nearly  uniform  direction.  The  latest  phase  of  consolidation 
consisted  in  the  deposition  of  the  fissure  filling  by  magmatic  waters 
carrying  in  solution  silica  and  a  small  amount  of  certain  rare  metals. 

MINING   DEVELOPMENTS. 

About  30  claims  have  been  located  within  the  Tungsten  mining 
district,  and  at  present  all  of  them  are  controlled  by  the  Tungsten 
Mining  and  Milling  Company. 

The  principal  underground  workings  are  on  the  Hub  claim  (No.  1 
on  map,  fig.  13).  Tunnel  No.  1  (fig.  13)  is  225  feet  in  length,  and  the 
face  is  125  feet  below  the  surface,  which  forms  the  deepest  working 
on  any  of  the  veins.  At  150  feet  from  the  mouth  of  the  tunnel  an 
upraise  has  been  made  to  join  an  incline  from  the  surface.  In  this 
tunnel  nearly  all  the  various  features  described  under  the  headings 
"  Veins  "  and  "  Occurrence  of  the  tungsten  ore  '"  are  exhibited.  The 
vein  ranges  from  a  few  inches  to  3  feet  in  width,  strikes  N.  68°  E., 
and  dips  65°  NW.  Present  developments  show  that  this  is  the 
largest  and  most  prominently  mineralized  vein  in  the  region.  Tun- 
nel No.  2  is  about  125  feet  vertically  above  No.  1  and  is  59  feet  in 
length.  This  portion  of  the  vein  is  split  into  four  parts,  separated 
by  the  granite  porphyry.  There  is  about  18  inches  of  streaky  ore 
in  the  face  of  this  tunnel.    Shaft  No.  1  is  37  feet  in  depth.    Near 
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the  surface  the  vein  is  pinched,  but  about  midway  of  the  shaft  it 
is  about  3  feet  wide.  Shaft  No.  2  shows  the  vein  about  30  inches  in 
width,  with  a  small  amount  of  ore.  In  the  face  of  the  tunnel  near 
shaft  No.  2  the  vein  is  24  inches  wide,  with  ore  in  streaks. 


Eruptive 
granite  porphyry 


Cambrian  Cambrian  Direction  and  outcrop 

quartzite  argillite  of  tungsten- bearing  veins 

looo       2000      3000      4000      50oofeet 


Contour  interval  SOfeet 


Fig.  13. — Geologic  and  topographic  sketch  map  of  Tungsten  mining  district,  White  IMne 

County,  Nev. 

On  the  slope  below  the  outcrop  of  this  vein  several  tons  of  ore, 
which  was  reported  to  average  about  68  per  cent  of  tungstic  acid, 
were  picked  up  among  the  "  slide  rock  "  and  shipped  before  under- 
ground work  was  begun.    Grains   of  hiibnerite  are   disseminated 
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through  the  finer  material  of  the  slope  and  the  bottoms  of  the  gulches. 
Considerable  ore  has  also  been  gathered  from  time  to  time  and  added 
to  the  dumps. 

The  development  work  on  the  Tungsten  claim  (No.  3  on  map) 
consists  of- two  tunnels  and  a  shaft.  On  the  Wolframite  and  Great 
Eastern  claims  (Nos.  4  and  5  on  map)  are  several  small  trenches 
exposing  narrow  veins  with  ore.  On  the  Eagle  claim  (No.  7  on 
..^map),  just  below  the  contact  of  the  granite  porphyry  and  quartzite, 
Ti  the  vein  is  exposed  in  a  trench,  standing  nearly  vertical  and  sMking 
N.  40°  E.  Hiibnerite  with  a  small  amount  of  scheelite  is  found 
here.  In  the  quartzite  debris  it  was  found  that  small  veinlets  of 
quartz  penetrate  the  quartzite,  a  few  of  them  carrying  a  little  hiibner- 
ite. It  is  probable  that  this  ore  occurs  near  the  contact  zone.  The 
region  is  said  to  have  been  thoroughly  prospected  and  very  little 
material  of  this  kind  has  been  found  in  the  quartzite,  which  therefore 
seems  unlikely  to  yield  a  deposit  of  commercial  importance. 

In  the  Side  Issue  claim  (No.  2  on  map),  on  the  south  side  of  Hiib- 
nerite Gulch,  a  mineralized  vein  is  exposed  in  a  10-foot  cut  pitching 
80°  S.  and  strildng  N.  45°  E.  On  the  lower  side  of  the  cut  the  vein 
is  2  feet  wide  and  it  is  said  that  from  this  place  a  piece  of  solid  hiib- 
nerite was  taken  weighing  114  pounds.  On  the  upper  side  of  the  cut 
the  vein  is  split  into  two  6-inch  veins  separated  by  4  feet  of  granite 
porphyry.  In  the  bottom  of  the  gulch  these  veins  have  pinched  to 
a  thickness  of  3  inches  each.  The  country  rock  is  a  coarse-grained, 
light-colored  porphyry  which,  it  is  said,  can  be  worked  more  easily 
than  the  rock  in  other  parts  of  the  district. 

On  the  Tungstic  claim  (No.  9  on  map)  is  a  4-foot  vein  striking  N. 
65°  E.  which  shows  very  little  ore.  About  50  feet  above  is  a  3-foot 
quartz  vein  in  which  no  ore  was  seen. 

In  the  ridge  west  and  a  little  north  of  the  Hub  claim  a  hiibnerite- 
bearing  vein  is  exposed  in  several  places.  Several  small  veins  appear 
to  extend  in  a  direction  about  N.  60°  E. 

The  Star  claim  (No.  8  on  map)  is  developed  by  a  tunnel  32  feet 
long  in  which  the  vein  ranges  from  6  inches  to  2  feet  in  thickness, 
pitching  55°  SE.  and  striking  N.  30°  E.  In  this  tunnel  scheelite  as- 
sociated with  hiibnerite  occurs  in  larger  quantity  than  in  any  other 
known  locality  in  the  district.  About  55  feet  and  70  feet  south  of 
this  vein  are  two  hiibnerite-bearing  veins  striking  N.  42°  E.  The 
country  rock  is  granite  porphyry  of  a  more  pronounced  reddish  color 
than  in  other  parts  of  the  area.  A  short  distance  north  of  the  tunnel 
a  1-foot  vein  striking  N.  42°  E.  and  showing  considerable  hiibnerite 
is  exposed  in  a  shallow  trench. 
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METHODS  OF  MINING. 

The  vein  material  is  exceedingly  hard  and  difficult  to  mine.  Drills 
quickly  become  dulled  and  the  rock  does  not  shoot  well.  The  work 
is  all  done  by  hand  labor  and  tunneling  is  said  to  cost  nearly  $30 
per  running  foot.  At  present  it  would  appear  advisable  to  develop 
the  vein  by  open  cuts  at  different  levels  with  a  steel-lined  shoot  on 
the  surface  on  each  side — one  to  care  for  the  waste  and  the  other  for 
the  ore.  A  much  larger  amount  of  material  would  be  dislodged  by 
each  shot  than  when  confined  in  a  tunnel  or  shaft.  There  would  be 
no  expense  for  hoisting  and  there  would  always  be  good  light  for 
sorting.  In  handling  the  material  care  should  be  taken  to  save  the 
fines,  as  a  considerable  part  of  the  hiibnerite  occurs  in  grains 
disseminated  through  the  quartz.  The  scheelite  also  is  likely  to  be 
thrown  away  in  the  waste  on  account  of  its  general  resemblance  to 
quartz. 

On  account  of  the  large  percentage  of  waste  a  considerable  amount 
of  hand  sorting  is  necessary.  After  crushing,  the  hiibnerite  is  easily 
separated  from  the  quartz.  A  hand-made  jig,  operated  by  horse- 
power, was  used  and  afterwards  replaced  by  a  5-horsepower  gasoline 
engine. 

SUMMARY. 

The  occurrence  and  character  of  the  vein  material  vary  so  much 
within  a  few  feet  that  the  depth  and  width  of  the  veins  and  the 
amount  of  hiibnerite  can  not  be  estimated.  Nature  has,  however, 
done  much  to  assist  in  determining  the  other  factors  which  affect  the 
commercial  value  of  these  deposits.  Several  springs  of  small  flow 
occur  at  a  considerable  elevation  above  the  natural  location  for  a 
concentrating  plant  and  their  combined  flow  would  be  sufficient  for 
milling  purposes.  Williams  Creek  has  an  estimated  flow  of  700 
cubic  feet  per  minute  and  would  furnish  power  to  generate  electricity, 
for  a  mill  and  drilling  purposes.  There  is  still  sufficient  timber  on 
the  higher  mountain  slopes  to  furnish  mine  timbers.  The  lower 
slopes  are  covered  in  spots  with  mountain  mahogany,  which  makes  a 
good  domestic  fuel.  There  are  ranches  in  the  valley  which  could 
furnish  general  supplies.  Railroad  facilities  are  now  at  a  consider- 
able distance,  but  surveys  have  been  made  for  a  railroad  to  connect 
Ely  with  southwestern  Nevada  and  Salt  Lake  to  the  northeast.  One 
of  these  surveyed  lines  crosses  the  Schell  Creek  Range  into  Spring 
Valley  opposite  Osceola,  about  20  miles  north  of  the  Tungsten  min- 
ing district. 
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NOTE  ON  A  TUNGSTEN-BEARING  VEIN  NEAR 
RAYMOND,  CAL 


By  Frank  L.  Hess. 


On  the  I.  X.  L.  claim,  located  in  the  foothills  of  the  Sierra  Nevada 
about  12  miles  north  of  Raymond,  Madera  County,  Cal.,  a  small 
amount  of  wolframite  has  been  found  in  a  vein  which  had  been  lo- 
cated for  a  copper  property.  The  claim  was  visited  by  the  writer  in 
December,  1906. 

The  country  rock  is  an  andalusite  mica  schist,  in  which  the  andalu- 
site  is  considerably  crushed  and  altered.  Numerous  large,  parallel, 
nearly  vertical  quartz  veins  cut  the  inclined  schists  and  stand  out 
prominently  from  the  weathered  surfaces,  forming  the  summits  of 
some  of  the  hills.  There  are  many  copper  stains  in  the. rocks,  and 
some  ore  is  being  mined  from  neighboring  claims.  Alongside  the 
road  are  the  ruins  of  an  old  smelter  which,  to  judge  from  the  rem- 
nants lying  around,  evidently  ran  on  the  oxidized  copper  ores  many 
years  ago. 

No  copper  staining  was  seen  upon  this  particular  vein,  which  is 
from  4  to  16  inches  wide  where  exposed.  The  vein  is  composed  of  a 
glassy  quartz  in  which  bunches  of  wolframite  up  to  2  or  3  pounds  in 
weight  were  found.  At  a  depth  of  40  feet  the  vein  pinched  out  en- 
tirely, though  it  could  probably  be  picked  up  again  by  following 
down  along  the  evident  fault  coincident  with  its  dip.  Only  a  small 
amount  of  wolframite,  probably  200  or  300  pounds,  is  said  to  have 
been  taken  out.    Pyrite  is  an  accessory  mineral. 
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By  Douglas  B.  Sterrett. 


IISrTRODUCTION. 

Monazite  has  earned  a  prominent  place  in  the  commercial  world 
through  the  rare-earth  metal,  thorium,  which  it  carries  as  an  acces- 
sory constituent.  As  a  source  of  cerium  and  other  rare-earth  metals 
also,  monazite  is  of  great  interest  to  chemists.  In  composition  it  is 
essentially  an  anhydrous  phosphate  of  cerium,  praseodymium,  neo- 
dymium,  and  lanthanum  in  which  thoria  and  silica  are  present  in 
variable  amounts.  The  amount  of  thoria  in  monazite  ranges  from 
less  than  1  to  20  per  cent  or  more,  but  its  average  amount  in  niona- 
zite  obtained  for  commercial  purposes  varies  between  3  and  9  per  cent. 

Though  *  sometimes  found  in  large  crystals  and  masses  of  many 
pounds'  weight,  monazite  for  economic  purposes  is  obtained  in  the 
form  of  sand,  occurring  in  opaque  to  translucent  and  in  some  cases 
transparent  grains  and  crystals.  Monazite  ranges  in  color  mainly 
from  light  yellow  to  reddish  yellow  and  brown ;  some  of  it  is  green- 
ish. The  freshly  broken  and  unaltered  mineral  has  a  i^sinous  to 
adamantine  luster,  which  is  especially  marked  on  the  cleavage  faces. 
The  mineral  is  brittle  and  has  a  hardness  of  5  to  5.5.  It  can  readily 
be  crushed  between  the  teeth  and  .yields  a  soft  grit,  quite  distinct 
from  the  harder  minerals  sometimes  mistaken  for  it.  The  sj>ecific 
gravity  ranges  from  4.9  to  5.3,  and  is  generally  over  5. 

The  principal  use  made  of  the  thoria  extracted  from  monazite  is  in 
the  manufacture  of  incandescent  mantles  for  gas  lighting.  These 
mantles  are  made  by  immersing  sections  of  a  cotton  gauze  or  netting, 
woven  in  tubular  form,  in  a  saturated  solution  of  the  salts  of  certain 
rare  earths.  The  composition  of  this  mixture  of  salts  used  by  dif- 
ferent manufacturers  is  kept  secret,  but  it  is  said  to  contain  thorium 
largely  in  excess  of  the  other  constituents.  The  sections  of  the  tubes 
are  then  dried  after  one  end  has  been  drawn  in  to  the  form  of  a  mantle 
by  a  platinum  wire.  When  dry,  the  organic  matter  of  the  cotton  is 
burned  oflF  and  the  mantle  is  saturated  with  some  form  of  wax,  which 
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holds  it  in  shape  during  shipment  and  is  readily  burned  off  when  it 
is  set  up  for  use. 

The  production  of  monazite  in  the  United-  States  for  commercial 
purposes  has,  up  to  the  present  time,  come  entirely  from  North  and 
South  Carolina.  The  occurrence  of  the  mineral  and  the  development 
of  the  industry  in  these  States  have  been  described  in  reports  by 
Henry  B.  C.  Nitze,<»  Joseph  Hyde  Pratt,^  L.  C.  Graton,<^  and  the 
writer.^ 

The  value  of  the  production  of  monazite  from  the  Carolinas  is  small 
compared  with  that  of  the  more  important  minerals  produced  in  the 
United  States.  The  benefit  to  the  region  in  which  the  monazite  is 
mined,  however,  has  been  considerable.  During  the  five  years  1902 
to  1906  there  was  produced  in  the  Carolinas  about  3,612,692  pounds 
of  crude  monazite,  valued  at  $530,866.  This  includes  a  small  quantity 
of  zircon  and  tantalum  minerals.*  In  1906  the  production  was  about 
846,175  pounds  of  sand  carrying  80  per  cent  of  monazite.  The  value 
of  this  sand  was  $152,312,  corresponding  to  a  price  of  18  cents  per 
pound.  During  1907  the  activity  in  mining  was  not  so  great  as  in 
the  two  previous  years,  and  the  price  paid  for  80  or  90  per  cent  mona- 
zite sand  was  as  low  as  10  to  12  cents  per  pound. 

The  present  paper  is  intended  to  furnish  general  information  on 
monazite,  including  a  description  of  the  deposits  in  the  Carolinas  and 
of  the  occurrence  of  the  mineral  in  them,  with  a  discussion  of  their 
bearing  on  its  origin.  The  data  used  were  obtained  during  brief 
visits  to  different  parts  of  the  region  during  the  last  five  years  and  a 
more  detailed  study  of  the  formations  in  the  southeastern  part  of  the 
Morganton  quadrangle.  North  Carolina,  during  the  field  seasons  of 
1906  and  1907. 

Acknowledgment  is  here  made  for  the  courtesy  and  general  infor- 
mation received  from  the  various  operators  in  the  monazite  field. 
Among  these  are  Mr.  George  L.  English,  of  the  National  Light  and 
Thorium  Company;  Mr.  W.  F.  Smith  and  Mr.  M.  E.  Gettys,  of  the 
Carolinas  Monazite  Company;  Mr.  Hugh  Stewart,  formerly  of  the 
British  Monazite  Company ;  and  Mr.  Herman  Wanke,  of  the  German 
Monazite  Company.  Further  acknowledgment  is  made  to  Mr.  A. 
.Keith  for  valuable  criticism. 

«  Monazite  and  monazite  deposits  in  North  Carolina :  Bull.  North  Carolina  Geol.  Survey 
No.  9,  1895. 

»  Monazite :  Mineral  Resources  U.  S.  for  1901  to  1905,  U.  S.  Geol.  Survey,  1902  to  1906. 
Also  Mining  industry  in  North  Carolina,  an  annual  publication  of  North  Carolina  Geol. 
Survey,  1901,  1903,  1904,  and  1905. 

«  Grold  and  tin  deposits  of  the  southern  Appalachians :  Bull  U.  S.  Geol.  Survey  No.  293, 
1906,  pp.  116-118. 

*  Monazite :  Mineral  Resources  U.  S.  for  1906,  U.  S.  Geol.  Survey,  1907. 

"Sterrett,  D.   B.,  op.  cit,  p.  1208. 
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GEOGKAPHY. 

Geographically,  the  area  in  which  deposits  of  monazite  of  com- 
mercial value  have  been  found  lies  in  the  central  portion  of  western 
North  Carolina  and  in  the  extreme  northwestern  part  of  South 
Carolina.  Fig.  14  shows  the  area  containing  monazite  deposits  of 
known  commercial  value.  This  area  covers  about  3,500  square  miles 
and  includes  part  or  all  of  Alexander,  Iredell,  Caldwell,  Catawba,  • 
Burke,  McDowell,  Gaston,  Lincoln,  Cleveland,  Rutherford,  and 
Polk  counties  in  North  Carolina,  and  Cherokee,  Laurens,  Spartan- 
burg, Greenville,  Pickens,  Anderson,  and  Oconee  counties  in  South 
Carolina.  The  larger  towns  within  or  near  the  monazite  region  are 
Statesville,  Hickory,  and  Shelby  in  North  Carolina,  and  Gaffney, 
Spartanburg,  and  Greenville  in  South  Carolina.      The  appearance 


til 


Fig.  14. — Map  showing  area  of  monazite  deposits  of  known  commercial  value  in  southern 

Appalachian  region. 

of  Alexander  County,  N.  C,  in  the  list  of  counties  with  valuable 

monazite  deposits  is  the  result  of  orospecting  by  mining  companies 

during  1907. 

PHYSIOGRAPHY. 

Physiographically,  North  and  South  Carolina  are  divided  into 
three  parts.  These  are  the  Coastal  Plain,  extending  from  the  Atlantic 
Ocean  northwestward  for  100  to  150  miles;  the  Piedmont  Plateau, 
extending  from  the  limits  of  the  Coastal  Plain  northwestward  for 
100  to  130  miles  to  the  foot  of  the  Blue  Ridge;  and  the  mountain 
re<rion,  extending  northwestward  from  the  Piedmont  Plateau  to  the 
State  lines.  The  Coastal  Plain  and  the  Piedmont  Plateau  are  prom- 
inent in  both  States,  but  only  North  Carolina  contains  a  large  portion 
of  the  mountain  area. 
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The  Coastal  Plain  is  a  broad,  nearly  flat  stretch  of  country  rising 
from  sea  level  on  the  southeast  to  an  elevation  of  a  few  hundred  feet 
on  the  northwest,  in  which  direction  it  is  practically  limited  by  the 
boundaries  of  the  rock  formations  of  which  it  is  composed.  The  Pied- 
mont Plateau  is  an  elevated  district  rising  from  a  few  hundred  feet 
above  sea  level  on  the  southeast  to  1,200  or  1,500  feet  on  the  north- 
west. It  forms  a  plateau  much  dissected  by  valleys  from  50  to  200 
or  300  feet  deep,  and  its  regularity  is  further  disturbed  by  scattered 
mountain  peaks  and  smaller  hills  rising  above  its  general  level.  The 
features  of  the  plateau  are  best  observed  from  a  prominent  ridge  or 
one  of  the  smaller  hills  of  the  region.  In  the  mountain  region  are 
included  the  Blue  Ridge  and  its  foothills,  and  the  higher  mountains 
to  the  northwest.  The  country  in  the  mountain  region  is  exceedingly 
rough,  and  the  elevations  range  from  1,500  to  over  6,500  feet. 

The  region  in  which  valuable  deposits  of  monazite  have  been  found 
may  be  defined  as  a  belt  from  20  to  30  miles  wide  and  over  150  miles 
long.  (See  fig.  14.)  This  belt  lies  wholly  within  the  Piedmont 
Plateau  and  borders  closely  on  the  Blue  Ridge,  to  whose  general 
course  it  is  roughly  parallel. 

GKOIiOGY. 

FORMATIONS. 

The  most  important  rocks  of  the  monazite  belt  are  gneisses  and 
schists.  These  include  the  Carolina  gneiss,  the  Roan  gneiss,  and 
gneissoid,  porphyritic,  and  massive  granites.  Other  rocks  are  peg- 
matite, peridotite  and  allied  rocks,  quartz  diorite,  and  diabase.** 

The  oldest  formation  in  the  monazite  region  is  of  Archean  age 
and  is  called  the  Carolina  gneiss.  It  is  the  most  extensive  formation 
and  appears  in  nearly  every  section.  The  composition  and  structure 
of  the  Carolina  gneiss  are  varied.  The  most  common  types  are  mica, 
garnet,  cyanite,  and  graphite  gneisses  and  schists,  or  combinations 
of  two  or  more  of  these  types.  These  rocks  range  in  color  from  light 
gray  to  dark  gray,  and  in  many  places  where  graphite  is  abundant  in 
them  have  a  light  bluish-gray  to  bluish-black  cast.  Some  of  the 
gneisses  and  schists  are  fine  grained  and  are  composed  of  several  dis- 
tinguishing minerals,  as  biotite,  muscovite,  cyanite  in  fine  needles, 
and  graphite,  besides  fine  grains  of  quartz  and  other  minerals ;  other 
rocks  are  composed  of  the  same  minerals  in  coarser  grains  or  flakes. 
Garnet  appears  in  both  fine  and  coarse  grained  gneisses  and  schists 
and  may  be  fairly  large,  even  in  the  rocks  of  finer  grain.  The  pres- 
ence of  much  pegmatitic  material  is  a  characteristic  feature  of  the 
Carolina  gneiss. 

«  The  formation  names  used  in  the  description  of  these  rocks  are  taken  from  Keith,  A., 
Geologic  Atlas  U.  S.,  folios  116  (Asheville),  124  (Mount  Mitchell),  and  147  (Plsgah), 
and  other9. 
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The  Roan  gneiss  is  the  next  oldest  formation  in  the  region  and  is 
also  of  Archean  age.  It  consists  of  hornblende  gneiss  and  schist,  with 
here  and  there  the  less  metamorphosed  phase,  ^iorite.  The  horn- 
blende gneiss  and  schist  are  nearly  black  to  dark  green  in  color,  and 
are  composed  chiefly  of  small  interwoven  and  matted  hornblende 
crystals.  These  hornblendic  rocks  grade  into  diorite,  which  is  also 
dark  colored  but  contains  a  noticeable  amount  of  feldspar  and  has  a 
granitoid  texture.  Bands  of  mica  gneiss  or  schist  are  included  in 
many  both  large  and  small  masses  of  Roan  gneiss.  This  formation 
is  prominent  along  the  northwest  side  of  the  monazite  belt,  through- 
out its  length.  In  the  central  and  more  eastern  portions,  however, 
it  is  of  less  importance  and  in  many  places  does  not  appear  at  all. 

The  age  of  many  of  the  granites  and  granite  gneisses  has  not  been 
determined,  though  a  part  are  probably  Archean.  In  importance, 
granite  and  its  diflFerent  phases  are  second  and  are  particularly 
prominent  in  many  localities  where  extensive  monazite  deposits  have 
been  found.  In  composition  the  granite  may  be  biotitic,  muscovitic, 
or  hornblendic ;  its  texture  may  be  porphyritic,  massive,  gneissic,  or 
schistose.  Where  both  porphyritic  and  schistose  the  feldspar  pheno- 
crysts  generally  assume  an  augen  form,  caused  by  crushing  and 
elongation  in  the  direction  of  shearing.  Some  large  masses  of  granite 
gneiss  have  an  abundant  development  of  small  red  garnets.  The 
occurrence  of  much  quartz  in  veins  and  veinlets  throughout  the  mass 
is  a  characteristic  feature  of  most  of  the  granites  of  this  region. 
Some  of  this  quartz  is  simply  massive;  at  other  places  it  has  a  more 
or  less  well-defined  crystal  form.  Drusy  surfaces  are  not  uncommon 
on  such  crystals.  The  abundance  of  quartz  veins  is  not  invariably 
confined  to  the  granite  masses,  but  in  numerous  places  extends  some 
distance  from  the  contact  of  the  granite  into  adjacent  formations. 

Pegmatite  is  a  common  rock  throughout  the  monazite  region,  es- 
pecially in  those  areas  where  commercial  deposits  of  monazite  are 
found.  Two  principal  occurrences  of  pegmatite  are  here  recognized. 
In  one  it  forms  distinct  masses  or  bodies  wdth  the  typical  composition 
and  texture — that  is,  it  is  composed  of  quartz  and  feldspar,  with  or 
without  mica  and  other  accessory  minerals,  crystallized  out  on  a 
large  scale.  The  other  type  is  a  pegmatized  gneiss,  representing 
the  addition  of  the  pegmatite  minerals  to  the  gneiss,  wdth  perhaps 
some  recrystallization  of  portions  of  the  inclosing  rocks.  In  some 
places  secondary  quartz  is  the  principal  mineral  added,  while  feld- 
spar appears  in  smaller  quantities.  In  others  the  feldsj^ar  is  more 
prominent,  and  is  prone  to  assume  a  porj^hyritic  form  in  the  gneiss, 
producing  a  typical  augen  gneiss.  Very  commonly  the  gneisses  and 
schists  are  banded  with  or  cut  at  all  angles  by  streaks  of  pegmatitic 
or  granitic  material.  The  recrystallization  of  the  gneisses  and  schists, 
with  the  development  of  pegmatitic  material  or  the  injection  of  such 
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material  into  the  rocks,  may  be  called  pegmatization.  In  many 
places  the  process  has  gone  so  far  that  it  is  very  difficult  to  distinguish 
pegmatized  rock  from  granite  gneiss,  and  especially  from  flow-banded 
and  porphyritic  granite  gneiss.  This  difficulty  is  due  partly  to  the 
fact  that  granite  and  pegmatite  are  composed  of  the  same  minerals 
and  have  no  sharp  division  line  between  the  size  of  their  grains. 

The  peridotites  are  dark-green  to  greenish-black  basic  rocks,  con- 
taining one  or  more  of  the  ferromagnesian  minerals  olivine,  pyrox- 
ene, and  in  places  hornblende  as  chief  constituents.  So  far  as  known 
the  peridotites  of  this  region  are  of  Archean  age  and  are  apparently 
genetically  connected  with  the  Roan  gneiss.  Though  composing  but 
a  very  small  part  of  the  rocks  of  the  monazite  belt,  the  peridotites 
generally  outcrop  prominently  wherever  they  occur,  and  many  out- 
crops are  marked  by  large  rounded  "  nigger-head  "  bowlders  scat- 
tered over  the  surface.  For  the  most  part  the  peridotites  have 
altered  to  talcose  or  chloritic  soapstone  or  to  serpentine.  This  alter- 
ation is,  in  some  places,  only  superficial,  but  in  others  whole  masses 
have  been  so  metamorphosed.  The  usual  form  of  occurrence  of  the 
peridotites  is  in  lens-shaped  bodies  parallel,  or  nearly  so,  to  the 
schistosity  of  the  inclosing  rocks. 

Quartz  diorite  of  undetermined  age  is  one  of  the  less  important 
intrusive  rocks  in  the  monazite  region.  It  is  a  fine-textured  rock, 
composed  of  granular  quartz  and  feldspar  with  more  or  less  horn- 
blende, locally  with  garnet  distributed  promiscuously  through  it. 
The  occurrence  of  quartz  diorite  is  generally  in  small  dikes  ranging 
from  a  few  inches  up  to  several  feet  in  thickness.  The  diminutive 
size  of  these  dikes,  however,  is  offset  by  their  abundance  and  resist- 
ance to  erosion,  owing  to  which  they  leave  much  debris  over  many  of 
their  outcrops  in  the  form  of  hard  rounded  bowlders. 

Diabase  is  the  latest  intrusive  rock  known  in  the  region  and  is 
probably  of  Triassic  age.  It  is  a  dense,  hard  rock  of  dark-green  to 
black  color,  composed  chiefly  of  olivine  and  a  feldspar  rich  in  lime. 
It  is  rather  abundant  in  places  and  the  outcrop  is  generally  marked 
by  characteristic  spheroidal  "  nigger-head  "  bowlders  scattered  over 
the  surface.  The  diabase  dikes  range  from  a  few  inches  up  to  100 
feet  or  so  in  thickness. 

STRUCTURE. 

The  regional  metamorphism,  with  accompanying  folding  and 
faulting,  of  the  rocks  in  this  area  has  been  extreme.  In  many  places, 
especially  in  the  Carolina  gneiss,  it  is  very  difficult  to  determine  the 
original  nature  of  the  formations,  for  much  of  the  sedimentary  struc- 
ture or  igneous  texture  of  the  rocks  has  been  destroyed  by  mashing 
and  recrystallization.     The  Carolina  gneiss  has  been   intruded  by 
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rocks  of  later  age  and  cut  by  them  into  irregular-shaped  masses, 
many  of  which  fork  out  into  long  tongues  or  occur  as  narrow  streaks 
in  the  intrusives,  or  vice  versa.  There  have  been  successive  intru- 
sions of  igneous  rocks  of  later  age  into  the  earlier  formations.  Thus 
the  Carolina  gneiss  is  cut  by  the  Koan  gneiss,  and  both  are  cut  by 
granites  of  later  age.  Many  of  the  granites  have  included  blocks  of 
the  formation  in  which  they  have  been  intruded.  In  places  the  in- 
clusion has  been  more  or  less  absorbed  by  the  surrounding  granite, 
the  composition  of  which  has  thereby  been  affected.  Thus,  where 
masses  of  hornblende  gneiss  are  included  in  granite,  the  latter  is 
generally  highly  hornblendic  in  their  vicinity. 

The  structure  of  the  pegmatite  in  the  rocks  of  this  region  is  ex- 
tremely irregular.  In  some  places  the  pegmatite  occurs  in  the  form 
of  sheets  or  lenses  interbedded  and  folded  with  the  inclosing  gneisses 
and  schists.  In  other  places  it  occurs  in  dikes,  veins,  or  lenses  either 
conformable  with  the  inclosing  rocks  through  part  of  its  extent  and 
cutting  across  them  in  other  parts,  or  in  irregular  masses  having  no 
definite  orientation  with  respect  to  the  accompanying  formations.  In 
pegmatized  rock  masses  the  pegmatization  has  generally  affected  cer- 
tain beds,  which  may  grade  into  regular  pegmatite  in  either  the  direc- 
tion of  their  greatest  or  that  of  their  least  extension.  In  such  rocks  it 
is  often  impossible  to  determine  the  line  of  demarcation  between  the 
two.  There  is  also  a  gradation  between  the  pegmatized  beds  and  ordi- 
nary gneiss. 

Quartz  diorite  almost  invariably  occurs  in  small  dikes,  in  places 
conformable  with  the  schistosity  of  the  country  rock,  though  elsewhere 
cutting  across  it  at  all  angles.  The  diabase  dikes  conmionly  cut  across 
the  strike  and  dip  of  all  the  older  formations,  filling  a  series  of  fis- 
sures which  have  a  general  northwest  to  north  strike. 

WEATHERING  AND  SOILS. 

The  rocks  of  the  Piedmont  Plateau  have  undergone  such  extensive 
weathering  that  good  outcrops  are  the  exception,  and  a  thick  mantle 
of  residual  soil  covers  much  of  the  country.  The  variety  of  rock 
underlying  certain  soils  can  in  many  places  be  determined,  unless 
decomposition  has  been  too  thorough,  by  studying  the  outcrops  and 
graduations  from  such  exposures  into  the  residual  soil. 

The  Carolina  gneiss,  on  partial  disintegration  and  decomposition, 
commonly  forms  a  gravelly  soil  with  a  red  clayey  matrix.  This  is 
especially  characteristic  of  the  garnetiferous  and  graphite-cyanite 
types,  which  are  abundant  in  parts  of  the  monazite  region.  The  peb- 
bles are  composed  of  small  fragments  of  the  original  rock,  such  as 
tufts  of  cyanite  impregnated  with  hematite  or  limonite,  iron-stained 
garnets,  or  pieces  of  hematite.    On  more  complete  decomposition  a 
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fine  reddish  clayey  soil  results,  with  no  decided  characteristics. 
Other  types  of  the  Carolina  gneiss,  in  which  mica  is  an  important  con- 
stituent, leave  a  micaceous  soil,  much  of  which  assumes  a  purplish 
color.  Granite  and  its  various  phases,  on  partial  disintegration  and 
decomposition,  yield  light  sandy  soils.  On  more  complete  decomposi- 
tion the  granites  yield  soils  of  a  light  to  dark  reddish  color,  depend- 
ing on  the  quantity  of  ferromagnesian  minerals,  as  biotite  or  horn- 
blende, in  the  original  rock.  The  quartz  grains  of  the  granite  remain 
as  sand  mixed  through  a  clayey  matrix.  This  quartz  sand  is  almost 
everywhere  to  be  seen  at  the  immediate  surface,  from  which  the  clays 
have  been  washed  by  rains.  Where  Carolina  gneiss  and  granite  are 
intimately  associated,  or  where  pegmatization  has  been  extensive  in  a 
body  of  Carolina  gneiss,  there  results  a  sandy  soil,  characteristic  of 
granite,  through  which  are  scattered  pebbles  of  hematite  and  ferru- 
ginous cyanite,  characteristic  of  the  Carolina  gneiss.  The  relative 
importance  of  pebbles  in  such  soils  decreases  as  the  quantity  of  peg- 
matite or  of  granite  in  the  rock  formations  increases.  These  features 
of  the  soils  are  especially  marked  on  the  broad,  flat  ridges  character- 
izing much  of  the  Piedmont  Plateau  region.  The  roan  gneiss  leaves 
a  greenish  sandy  soil  on  disintegration,  and  an  ocher-yellow  to  dark 
reddish-brown  or  chocolate-colored  clayey  soil  on  decomposition. 
Black  stains  of  manganese  are  associated  with  many  of  the  soils  de- 
rived from  homblendic  rocks. 

A  clew  to  the  nature  of  the  rock  formations  in  a  given  region  is 
often  furnished  by  the  character  of  the  gravels  in  the  bottom  lands 
and  streams  draining  that  region.  Thus  in  this  area  a  very  light- 
colored  gravel  with  much  quartz  debris  indicates  a  granite  or  its  con- 
tact or  a  very  highly  pegmatized  country  rock.  Garnets  and  hema- 
tite iron  ore,  with  which  blocks  of  mica  or  cyanite  gneiss  are  associ- 
ated, indicate  Carolina  gneiss.  Quantities  of  black  sands  in  the 
stream  gravels,  containing  magnetite,  ilmenite,  hornblende,  etc.,  are 
characteristic  of  the  Roan  gneiss. 

OCCURREISrCE  OF  IVIONAZITE. 

Up  to  the  present  time  the  only  deposits  of  monazite  successfully 
worked  have  been  the  gravel  beds  in  streams  and  bottom  lands,  and 
in  certain  places  surface  soils  adjoining  rich  gravel  deposits.  Pros- 
pecting and  careful  mill  tests  on  monazite-bearing  gneiss  and  schist 
have  failed  to  discover  deposits  of  a  nature  that  could  be  worked  ex- 
tensively. The  saprolite  or  rotted  rock  underlying  .some  gravel  de- 
posits has  been  washed  in  small  areas,  with  results  reported  to  be 
favorable. 
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PLACERS. 

Commercial  deposits  of  monazite  in  gravel  occur  in  the  beds  of 
creeks  and  streams  and  the  bottom  lands  along  them.  The  thickness 
of  the  gravels  ranges  from  a  foot  or  two,  including  overburden,  to  6 
or  8  or  more  feet.  The  distribution  of  the  monazite  in  them  is,  as 
with  all  heavy  minerals,  richer  near  the  bed  rock  and  poorer  above, 
grading  into  the  overburden.  In  some  deposits  the  whole  bed,  with 
the  finer  alluvium  at  the  surface,  is  rich  enough  to  be  washed  directly 
or  sluiced  down  and  washed.  The  extent  and  value  of  these  deposits 
vary  with  the  topography  of  the  country  and  the  nature  of  the 
gravels.  The  best  deposits  are  more  commonly  associated  with  light- 
colored  gravels  and  sands,  containing  considerable  quartz  debris  and 
fragments  of  other  light-colored  rocks,  such  as  pegmatite,  granite, 
mica,  and  cyanite  gneiss.  On  the  other  hand,  the  absence  of  much 
quartz  and  pegmatitic  or  granitic  debris  from  the  gravels  is  generally 
characteristic  of  low-grade  deposits  of  monazite.  The  presence  of 
black  sands — magnetite,  ilmenite,  hornblende,  etc. — in  the  gravels  does 
not  necessarily  indicate  a  low-grade  deposit,  unless  quartz  and  peg- 
matitic minerals  are  lacking  also. 

RESIDUAL  DEPOSITS. 

The  surface  soils  on  land  adjoining  some  of  the  rich  monazite  de- 
posits have  been  found  to  contain  sufficient  monazite  to  make  sluicing 
down  and  concentrating  profitable.  This  is  the  case  to  a  depth  of  3 
or  4  inches  or  more  in  many  residual  soils  that  have  suffered  but  little 
displacement  on  the  surface,  and  to  depths  of  several  feet  where  the 
drift  soil  has  collected  on  the  gentle  slopes  below  a  steeper  hillside. 
The  partial  concentration  of  monazite  in  the  top  layer  of  soil  is  caused 
by  the  washing  away  of  the  clay  and  other  light  decomposition  prod- 
ucts of  the  rock.  The  supply  of  monazite  in  the  stream  gravels  in 
favorable  areas  is  often  replenished  by  the  wash  from  the  hillside 
soils  during  rains.  This  is  especially  true  where  the  hills  have  any 
considerable  slope  and  the  land  is  cultivated.  Under  such  conditions 
it  is  frequently  profitable  to  work  the  stream  gravels  two  or  more 
times  in  a  year. 

The  saprolite  or  rotted  rock  underlying  the  richer  deposits  of  mon- 
azite is  at  some  places  sluiced  down  to  depths  of  a  few  inches  to  a 
foot  or  so,  along  with  the  overlying  gravels.  At  other  places  small 
amounts  are  removed  and  washed  separately  for  the  monazite  they 
contain.  The  formations  that  have  been  found  especially  favorable 
for  such  work  are  highly  pegmatized  gneiss  or  schist.  Such  deposits 
have  generally  soon  been  lost  or  grown  poor,  probably  on  account  of 
the  fact  that  the  miners  have  cut  through  the  richer  bed  or  failed  to 
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follow  it  in  the  direction  of  its  extension.  The  occurrence  of  monazite 
in  saprolite  will  be  considered  along  with  the  occurrence  of  monazite 
in  hard  rock  formations,  as  the  former  is  merely  an  altered  phase  of 
the  latter. 

MONAZITE  IN  ROCK  FORMATIONS. 

Two  separate  companies  have,  at  different  times,  undertaken  to 
work  a  deposit  of  monazite-bearing  rock  about  3  miles  northeast  of 
Shelby,  N.  C.  In  each  case  the  undertaking  failed,  because  it  was 
impossible  to  obtain  sufficient  ore  of  the  high  grade  necessary  to  make 
the  operations  a  success.  At  a  number  of  the  placer  deposits  ledges  of 
rock  have  been  found,  either  in  the  bed  of  the  streams  or  near  by, 
which  contained  monazite  in  noticeable  quantity.  So  far  the  rock  in 
which  the  monazite  has  been  found  in  noticeable  amounts  is  pegma- 
tized  gneiss. 

It  is  possible  at  many  of  the  mines  to  pan  the  saprolitic  peg- 
matized  gneiss  under  the  monazite-bearing  gravels  almost  at  random 
and  obtain  monazite.  The  amount  of  the  mineral  obtained  when  the 
panning  is  done  with  a  long-handled  shovel  ranges  from  a  few  grains 
to  a  teaspoonful  per  shovelful,  according  to  the  richness  of  the  beds. 
Mr.  Gteorge  L.  English  has  kindly  furnished  the  results  of  a  test  made 
by  him  on  the  monazite  content  of  the  saprolite  underlying  the 
gravels  at  the  F.  K.  McClurd  mine,  near  Carpenter  Knob,  Cleveland 
County,  N.  C.  From  30  cubic  feet  of  saprolite  424  grams  of  con- 
centrates, carrying  about  40  per  cent  of  monazite,  were  obtained  by 
washing  in  a  sluice  box.  This  approximates  closely  one-third  of  a 
pound  of  pure  monazite  to  a  cubic  yard  of  saprolite. 

The  monazite  content  of  the  rock  at  the  deposit  3  miles  northeast 
of  Shelby,  N.  C.,  has  been  given  a  thorough  test  with  a  well-equipped 
mill  by  the  British  Monazite  Company.  The  following  data  are 
given  through  the  courtesy  of  Mr.  Hugh  Stewart,  by  whom  the  tests 
were  made.  Practically  all  of  the  rock  at  the  mine,  through  a  ver- 
tical height  of  15  to  18  feet  across  the  bedding,  carried  monazite. 
The  quantity  in  different  beds  ranged  from  0.03  per  cent  and  less 
up  to  1.10  per  cent  and  more.  While  the  mill  was  in  operation  all 
beds  carrying  0.4  to  0.5  per  cent  or  more  were  treated  as  ore,  while 
lower-grade  material  was  discarded.  According  to  Mr.  Stewart,  one 
ore  bed  with  a  thickness  of  about  3J  feet  was  found  to  average  1.10 
per  cent  of  monazite. 

Most  of  the  pegmatized  gneiss  bodies  which  are  rich  in  monazite 
represent  phases  of  the  Carolina  gneiss  in  which  the  original  nature 
of  the  rock  has  been  largely  obliterated  as  a  result  of  the  addition 
of  new  minerals  and  the  recrystallization  of  the  original  ores  into 
pegmatitic  material.  The  texture  developed  during  this  pegmatiza- 
tion  is  generally  porphyritic,  in   which  the   feldspar  phenocrysts 
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assume  somewhat  of  an  aiigeii  form.  Tlie  feldspar  phenocrysts  ra 
in  size  from  those  smaller  than  a  grain  of  wheat  to  thoi^e  the  size  of^ 
a  walnut.  The  porphyritic  gneiss  may  grade  into  less  or  more  highly 
pegmatized  gneiss^  and  from  the  latter  into  regular  pegmatite.  This  i 
gi'adation  may  be  between  two  separate  Ix^ds  or  frc^m  one  part  to 
another  of  the  same  bt*d.  In  thos«i  beds  or  portions  of  beds  where  _ 
there  has  been  little  pegmatiajation  monaxite  occurs  sparingly.  Tlie  I 
same  is  true  where  pegmatization  has  been  complete  and  but  little  of 
the  original  gneiss  remains.  It  is,  then,  the  beds  of  gneissic  rock 
which  are  rich  in  secondary  quarts;  and  contain  numerous  small 
masses  of  feldspar  throughout  that  cany  the  most  monazite<  In 
such  rocks  there  is  generally  nnich  biotite,  with  graphite  and  perhaps 
some  must^ovite  and  other  accessory  minerals,  as  well  as  abundsint 

tjuartz  and  feld-  ■ 
^  p  a  r .  The" 
quarts  occurs  in 
layei^  or  scat-  M 
tered  grains  ■ 
^^^  thronghout     the 
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and  replacing  — 
the  other  con-  I 
stiluents.  The 
feldspar  crystals  — 
chiefly  replace,  | 
though  they 
partly  displace, 
the  other  miner- 
als of  the  rock- 
Monazite  in  a 
rock   matrix   al- 


M 
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And  graphUe 

Fin.  15. — H»nd  specimen  of  tnoDaKLte-bearlDi;  rofk  from  Brttlah 
Moaazlte  Company's  mine,  3  ml  Lea  northeast  Qt  BtLelbiTf  K.  C. 
Three^fourthB  naturul  bIep. 


form. 


most   invariably 

in  places  having  brilliant  faces  ami  sharp 


possesses  crystal 
angles. 

As  a  typical  example  of  rich  monazite- bearing  rock,  that  from  tbe 
Britisli  Monazite  Company's  mine,  3  miles  northeast  of  Shelby,  is 
chosen  for  description.  Fig.  15  represents  a  section  across  a  hand 
specimen  of  this  rock  and  shows  tlie  main  features  to  which  attention 
will  be  called  below.  The  chief  constituents  of  this  rock  are  quartz, 
feldspar  (mostly  the  potash  variety),  biotite,  graphite^  muscovite, 
mona^ite^  and  a  little  zircon,  Jt  has  a  banded  structure  caused  by 
the  more  or  less  separate  occurrences  of  certain  minerals  arranged 
in  parallel  streaks,  with  a  roughly  parallel  orientation  of  the  erj^stals 
or  grains  of  each  mineral.  The  principal  features  of  the  banding 
as  seen  in  the  section  consist  of  one  large  quarts  streak  with  several 
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smaller  streaks  and  individual  grains  in  a  regular  biotite  schist.  The 
other  minerals  of  the  section  occupy  various  positions  and  show 
diverse  relations  to  the  minerals  of  these  bands  and  to  each  other. 
The  feldspar  is  porphyritic  and  occurs  chiefly  in  individual  crystals, 
some  of  which  are  of  considerable  size.  A  number  of  the  feldspar 
phenocrysts  are  small  bodies  of  pegmatite  in  themselves.  As  an  ex- 
ample, the  largest  feldspar  crystal  shown  in  the  section  includes  both 
quartz  and  muscovite.  The  feldspar  at  the  lower  left-hand  side  of 
this  crystal  also  has  much  quartz  and  muscovite  associated  with  it. 
As  shown  in  the  section,  the  feldspar  phenocrysts  replace  the  other 
minerals.  This  replacement  is  especially  well  shown  by  the  inter- 
ruption, with  but  little  displacement,  of  the  lower  biotite  band  by  the 
large  crystal  described  above.  Graphite  occurs  in  large  amounts 
with  biotite,  though  it  is  associated  with  nearly  every  other  mineral 
of  the  rock.  Where  present,  muscovite  is  chiefly  associated  with 
the  feldspar.  Monazite  seems  to  be  indiscriminately  scattered 
through  the  rock,  included  in  or  associated  with  all  the  foregoing 
minerals.  Though  generally  free  from  inclusions  it  is  not  invariably 
so,  and  in  one  case  a  plate  of  graphite  was  observed  within  a  mona- 
zite crystal.  All  the  minerals  observed  in  the  rock,  with  the  excep- 
tion of  zircon,  have  been  noted  as  inclusions  in  the  feldspar 
phenocrysts. 

In  microscopic  sections  cut  from  specimens  from  one  of  the  ore 
streaks,  the  minerals  described  above  were  observed,  together  with 
some  iron  staining.  The  feldspar  is  principally  orthoclase  and 
microcline,  partially  kaolinized.  The  quartz  is  plainly  secondary, 
and  occurs  in  bands  or  streaks  of  grains  parallel  with  the  schistosity 
of  the  rock.  In  some  places  the  quartz  has  been  deposited  in  the 
fractures  or  between  the  grains  of  other  minerals ;  in  others  it  replaces 
or  includes  fragments  of  such  minerals  as  biotite  and  graphite. 

Gas  cavities  and  inclusions  of  very  fine  acicular  needles,  probably 
rutile,  are  abundant  in  the  quartz.  Biotite  occurs  in  interwoven 
laths  and  crystals  roughly  parallel  to  the  banding  of  the  rock.  The 
pleochroism  of  the  biotite  is  light  yellow-brown  to  greenish  brown 
or  dark  purplish  red.  Graphite  occurs  as  plates  and  laths,  in  gen- 
eral lying  parallel  to  the  banding  of  the  rock.  Some  of  it  is  inter- 
banded  and  even  interleaved  with  biotite;  elsewhere  the  plates  are 
turned  across  the  foliation.  In  one  section  a  lath  of  graphite  was 
observed  inclosed  in  quartz  which  filled  a  fracture  across  the  folia- 
tion of  a  biotite  crystal.  Monazite  occurs  in  contact  with  the  various 
minerals  of  the  sections,  though  it -is  more  commonly  surrounded  by 
or  included  in  grains  of  biotite  and  quartz.  The  position  of  the 
monazite  in  the  biotite  indicates  replacement,  and  the  biotite  folise 
are  not  displaced  around  the  crystals.    In  the  microscopic  sections 
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sufficient  feldspar  was  not  observed  to  determine  its  relation  to  the 
other  minerals. 

The  rock  has  been  so  thoroughly  recrystallized  that  it  is  difficult 
to  give  the  relative  order  of  formation  of  the  minerals.  Biotite,  if 
not  still  in  its  original  condition,  was  probably  the  first  mineral  to 
form  during  recrystallization.  Part  of  the  graphite  was  prpbably 
contemporaneous  with  the  biotite.  Some,  however,  was  introHuced 
later  and  formed  at  the  same  time  with  the  quartz.  The  small 
amount  of  muscovite  in  the  rock  was  probably  next  to  form,  fouowed 
closely  by  quartz.  From  the  small  amount  of  feldspar  in  the  ijiicro- 
scopic  sections,  it  was  not  possible  to  state  its  relative  period  of 
formation.  From  the  hand  specimen,  however,  shown  in  fig.  15,  it 
is  evident  that  the  feldspar  was  introduced  later  than  the  quartz,  or 
possibly  contemporaneously  with  part  of  it. 

ORIGIN  OF  MONAZITE. 

Monazite  has  been  observed  in  pegmatite,  pegmatized  gneisses  and 
schists,  and  granite  gneiss.  The  occurrence  of  monazite  in  pegmatite 
is  that  of  an  accessory  original  constituent,  with  the  crystal  form 
more  or  less  well  developed.  But  few  occurrences  in  granites  have 
been  observed  by  the  writer,  and  those  were  in  highly  gneissic  por- 
phyritic  granite.  The  occurrence  in  pegmatized  gneisses  and  schists 
indicates  either  a  gathering  together  of  the  proper  elements  from  the 
original  rock  and  their  formation  into  monazite  during  recrystalliza- 
tion, or  the  introduction  of  the  proper  elements  from  external  sources, 
along  with  the  materials  causing  pegmatization.  It  is  probable  that 
peginatization  in  which  mucli  quartz  with  but  little  feldspar  has 
formed  represents  a  phase  of  recrystallization,  in  which  the  quartz 
may  either,  in  ])art  or  wliolly,  have  come  from  the  original  rock  itself 
or  may  have  been  added  by  solutions  passing  through  the  formations. 
In  either  case  the  materials  do  not  represent  the  work  of  active  mag- 
matic  solutions  or  magmas  such  as  might  give  rise  to  regular  peg- 
matite bodies.  In  those  recrystallized  or  pegmatized  rocks  where 
the  feldspathic  component  of  pegmatite  is  not  plentiful,  monazite 
occurs  but  sparingly.  On  the  other  hand,  monazite  is  found  more 
abundantly  in  rock  formations  in  which  feldspar  plays  a  prominent 
part.  The  common  proximity  of  this  form  of  pegmatization  to 
granite  masses  gives  evidence  of  its  formation  through  magmatic 
agencies.  Such  pegmatized  gneisses  are  probably  the  result  of  active 
magmatic  solutions  passing  through  the  rock,  both  aiding  in  recrystal- 
lization of  the  original  constituents,  and  depositing  the  materials 
held  in  solution  when  conditions  of  temperature  or  agents  of  pre- 
cipitation were  favorable.  As  evidence  in  favor  of  the  association 
of  monazite  with  the  agencies  that  produce  pegmatite  may  be  cited 
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the  occurrence  of  large  crystals  of  that  mineral  in  the  pegmatite 
worked  for  mica  in  Mitchell  County,  N.  C. 

The  monazite  of  rock  formations  has,  then,  probably  been  derived 
from  aqueo-igneous  solutions  such  as  give  rise  to  certain  forms  of 
pegmatite  and  have  in  these  cases  affected  large  masses  of  rock. 

SUMMARY. 

The  commercial  value  of  monazite  is  due  to  the  presence  in  the 
mineral  of  a  small  percentage  of  thorium.  This  element  forms  the 
basis  for  the  manufacture  of  various  forms  of  incandescent  gas  lights. 
The  value  of  the  production  of  monazite  in  the  United  States  is 
small  compared  to  that  of  other  important  minerals.  Monazite  de- 
posits of  commercial  value  have  been  found  within  an  area  of  about 
3,500  square  miles,  lying  wholly  in  the  Piedmont  Plateau  region  of 
North  and  South  Carolina.  The  principal  rocks  of  this  region  are 
mica,  garnet,  cyanite,  graphite,  hornblende  and  granite  gneisses  and 
schists,  massive  granite,  pegmatite,  peridotite,  quartz  diorite,  and 
diabase.  The  structure  of  the  rock  formations  is  complex  and  in 
many  localities  metamorphism  has  been  so  extensive  that  the  original 
nature  of  the  rocks  can  not  be  determined.  The  rocks  are  in  many 
places  concealed  by  a  heavy  mantle  of  residual  soil,  but  their  character 
yean  often  be  learned  by  a  study  of  these  soils. 

The  only  deposits  of  monazite  that  have  been  extensively  and  suc- 
cessfully worked  are  placers.  These  deposits  are  richest  in  regions 
where  granitic  rocks  and  pegmatized  gneisses  and  schists  abound. 
Residual  surface  soils  and  monazite-bearing  saprolite  are  in  some 
places  sluiced  down  from  small  areas  and  concentrated.  The  best- 
known  occurrence  of  monazite  in  a  rock  matrix  is  in  porphyritic 
pegmatized  gneiss.  In  ordinary  gneiss  and  in  highly  pegmatized 
gneiss,  in  which  the  pegmatite  is  so  abundant  that  but  little  of  the 
original  rock  remains,  monazite  occurs  sparingly.  In  beds  where 
pegmatization  is  prominent  but  not  extreme  monazite  occurs  more 
plentifully.  Monazite  in  pegmatized  gneiss  is  thought  to  be  derived 
from  aqueo-igneous  solutions  paSvsing  through  the  rock  and  depositing 
and  recrystallizing  portions  of  it  into  the  minerals  of  pegmatite. 


MINERALS  OF  THE  RARE-EARTH  METALS  AT 
BARINGER  HILL,  LLANO  COUNTY,  TEX. 


By  Frank  L.  Hess. 


GENERAIi  DESCRIPTION  OF  THE  DEPOSIT, 

Baringer  Hill  is  located  about  100  miles  northwest  of  Austin,  Tex., 
on  the  west  bank  of  Colorado  River,  near  the  western  edge  of  the 
Burnet  quadrangle  as  mapped  by  the  United  States  Geological  Sur- 
vey. It  is  12  miles  north  of  Kingsland,  the  nearest  railroad  point,  IC 
miles  west  of  Burnet,  and  22  miles  northeast  of  the  town  of  Llano. 
It  is  a  low  mound  rising  above  the  flood  plain  of  the  Colorado,  and 
formed  by  the  resistance  to  erosion  of  a  pegmatite  dike  intruded  in  a 
porphyritic  granite. 

Few  if  any  other  deposits  in  the  world,  and  certainly  no  other  in 
America,  outside  of  the  monazite  localities,  have  yielded  such  amounts 
of  the  rare-earth  metal  minerals  as  Baringer  Hill. 

The  writer  visited  this  region  in  the  latter  part  of  February,  1907, 
fortunately  at  a  time  when  Mr.  William  E.  Hidden,  who  has  been 
largely  instrumental  in  making  this  locality  famous  through  his  con- 
tributions to  mineralogical  literature  on  the  rare  minerals  found  here, 
was  conducting  mining  operations. 

The  hill  is  named  for  John  Baringer,  who  discovered  in  it  large 
amounts  of  gadolinite  about  1887.  No  one  in  the  neighborhood  knew 
what  the  mineral  was  and  specimens  were  sent  to  a  number  of  places 
before  it  was  identified.  A  piece  fell  into  the  hands  of  Mr.  Hidden, 
who  at  once  looked  up  the  deposit  and  afterwards  obtained  possession 
of  the  property.  Meanwhile  Mr.  Baringer  had  taken  out  a  quantity 
of  gadolinite  estimated  at  800  to  1,200  pounds,  which  was  largely 
picked  up  and  carried  ofT  by  persons  in  the  neighborhood  as  curiosi- 
ties. Some  of  the  choicer,  pieces,  showing  crystal  form,  found  their 
way  into  various  museums.  The  property  is  now  controlled  by  the 
Nernst  Lamp  Company,  of  Pittsburg,  Pa.,  and  is  worked  by  that  con- 
cern for  yttria  minerals.  Since  its  acquirement  by  this  company  a 
considerable  amount  of  work  has  been  done  on  the  deposit,  consisting 
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mostly  of  open  cuts  around  the  edge  of  the  pegmatite,  reaching  a 
depth  of  30  or  40  feet.  A  large  block,  30  feet  in  height  and  more  in 
diameter,  consisting  mostly  of  quartz,  is  left  standing  in  the  middle. 

In  general  the  "  Llano  region,"  in  the  heart  of  which  Baringer 
Hill  is  located,  is  an  island  of  pre-Cambrian  rocks  intruded  by  plu- 
tonics  and  surrounded  by  an  irregular  zone  of  Cambrian  and  other 
Paleozoics,  including  some  that  are  possibly  Devonian  and  some  Car- 
boniferous rocks.  The  inner  portion  includes  parts  of  Burnet, 
Llano,  and  Mason  counties,  and  is  situated  at  almost  the  geographic 
center  of  Texas.  The  history  of  this  island  has  been  considerably 
discussed,  and  views  differ  as  to  whether  it  was  an  island  during  the 
deposition  of  the  Cretaceous,  by  which  the  area  is  almost  entirely 
surrounded,  or  whether  it  has  been  exposed  by  denudation  of  the 
later  rocks.  The  coal  measures  extend  to  the  north  from  the  region, 
giving  some  evidence  of  an  area  of  high  land  previous  to  the  deposi- 
tion of  the  Cretaceous.  Personally,  the  writer  is  inclined  to  agree 
with  the  view  that  the  region  has  been  denuded,  although  his  inves- 
tigations have  been  but  superficial.  The  plutonics  are  granitoid 
rocks  of  many  textures,  and  differ  considerably  in  composition. 
Large  areas  are  composed  of  the  rather  coarse  red  granite,  the  prin- 
cipal outcrops  of  which  occur  near  Marble  Falls  and  from  which  the 
State  capitol  of  Texas  was  built.  Peculiar  dikes  of  a  chocolate- 
brown  granite  near  Llano  contain  blue  quartz.** 

Other  dikes  containing  this  blue  quartz  are  of  a  reddish  color.  In 
many  localities  the  granite  is  very  porphyritic,  containing  feldspars 
from  1  inch  to  2  inches  in  longer  diameter.  There  are  also  gray  and 
fine-grained  red  granites,  and  in  some  places  they  have  taken  a 
gneissoid  form.  The  granites  are,  at  least  in  part,  intrusive  in  crys- 
talline schists  and  gneisses  of  uncertain  origin,  which  are  here  and 
there  graphitic  and  contain  interbedded  strata  of  crystalline  lime- 
stone. There  are  some  later  dikes  of  diabasic  character,  which  are 
comparatively  fresh.  Southwest  of  Llano  are  areas  of  serpentine 
and  other  basic  rocks. 

In  many  places  the  granites  are  cut  by  pegmatite  dikes,  ranging 
in  width  from  a  few  inches  to  60  feet,  which  show  a  much  greater 
percentage  of  quartz  than  of  feldspar  and  other  constituents,  and 
afford  beautiful  illustrations  of  the  most  acidic  phase  of  pegmatites. 
In  a  6-inch  dike  there  may  be  but  a  few  feldspar  crystals  from  1  inch 
to  3  inches  long  fringing  the  edges  of  the  dike ;  in  other  dikes,  or  in 
other  portions  of  the  same  dike,  gradations  from  pure  quartz  to 
almost  pure  feldspar  may  be  observed. 

Baringer  Hill  is  formed  by  such  a  dike  on  a  huge  scale.  It  is  a 
small  mound  which,  before  mining  was  begun,  rose  perhaps  40  feet 

.•  Described    by    Joseph    P.    Iddings,    Quartz-feldspar    porphyry     (granipbyro-liparose- 
fUaskose)  from  Llaoo,  Tex. :  Jour.  Geol.,  vol.  12,  1004,  pp.  225-331, 
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above  a  surrounding  flat,  was  about  100  feet  wide,  and  from  200  to 
250  feet  long.  The  longer  axis  runs  east  and  west  and  is  nearly  at 
right  angles  to  the  course  of  the  Colorado  River  at  this  point.  The 
country  rock  is  a  coarse  porphyritic  granite  with  feldspar  pheifo- 
crysts  about  1  inch  long.  This  granite  seems  to  weather  and  erode 
rather  easily,  and  the  river  has  cut  a  flood  plain  perhaps  one- fourth 
of  a  mile  wide  at  this  point,  while  the  dike,  owing  to  its  greater 
hardness  and  freshness,  has  better  withstood  the  erosion.  The  peg- 
matite, an  unsymmetrical  body  with  irregular  walls,  is  intruded  into 
the  granite  in  what  seems  to  be  a  pipe  or  short  dike. 

At  the  edges  of  the  intrusion  is  a  graphic  granite  of  peculiar 
beauty  and  definite  structure,  being  more  like  the  text-book  illustra- 
tions than  the  usual  graphic  granite  found  in  the  field.  The  altered 
band  is  from  1  foot  to  5  or  6  feet  thick,  and  apparently  surrounds  the 
pegmatite.  No  segregation  of  the  feldspar  or  quartz  in  particular 
parts  of  the  dike  can  be  noted,  except  that  the  feldspar  may  possibly 
be  more  inclined  to  occupy  the  sides  of  the  intrusion.  As  far  as 
shown  it  occupies  most  of  the  western  and  southern  sides,  and  the 
quartz  occupies  the  center  and  much  of  the  eastern  side. 

One  quartz  mass  is  more  than  40  feet  across.  The  quartz  has  dis- 
tinct white  bands,  from  one-eighth  to  one-half  inch  wide,  which  seem 
to  be  due  to  a  movement  akin  to  flowage  and  are  similar  to  those 
found  in  many  pegmatitic  masses  in  other  portions  of  the  country. 
The  white  banding  is  due  to  small  liquid  inclusions,  many  of  them 
containing  bubbles  which  either  do  not  move  from  change  of  inclina- 
tion of  the  fragment  containing  them,  or  do  so  but  slowly.  The  cavi- 
ties are  minute,  largely  of  irregular,  angular  shapes,  suggesting  at  first 
glance  particles  of  broken  minerals,  and  occur  in  straight  or  broken 
lines  that  probably  follow  fine  cracks  which  were  later  cemented. 
Groups  of  these  cracks,  with  their  inclusions,  form  the  bands,  which 
seem  to  lie  approximately  parallel  to  the  walls  of  the  dike  or  at 
such  angles  with  them  as  might  easily  be  formed  by  the  flowage  of 
the  material  into  the  space  it  occupied  in  the  granite.  The  condition 
of  the  quartz  seems  to  show  that  the  pegmatite,  after  being  forced 
into  the  granite,  partly  cooled  and  solidified  and  then  made  another 
small  movement,  or  a  series  of  slight  movements,  at  which  time  the 
minute  fractures  were  formed  in  the  quartz  and  the  magmatic  fluids 
were  forced  into  them,  but  as  the  mass  was  not  yet  totally  solidified 
the  cracks  were  effectually  healed  and  the  fluid  was  inclosed.  Such 
movements  may  be  supposed  to  have  been  consequent  on  the  readjust- 
ment of  the  mass  on  cooling.  Between  the  fracture  bands  the  quartz 
is  glassy  and  clear.  At  one  place  a  vug  was  found  large  enough  for  a 
man  to  enter,  lined  with  "  smoky  "  quartz  crystals  reaching  1,000 
pounds  or  more  in  weight.  This  would  seem  to  indicate  that  the  peg- 
matite had  been  intruded  in  a  pasty  or  semifluid  condition  and  that 


BARE-EAKTH   MINERALS  IN  LLANO   COUNTY,  TEX.  289 

the  vugs  represent  the  spaces  occupied  by  segregated  water  that  was 
squeezed  from  the  magma  as  the  minerals  took  their  final  solidified 
form. 

The  feldspar  is  an  intergrowth  of  microcline  and  albite,  of  a 
brownish  flesh  color,  beautifully  fresh,  and  occurs  (1)  in  large 
masses  reaching  over  30  feet  in  diameter,  and  (2)  as  huge  crystals, 
many  of  which,  though  they  rarely  show  terminal  planes,  have  one 
or  more  sharply  defined  edges,  especially  where  partially  surrounded 
by  quartz.  An  edge  M  inches  long  was  measured  on  one  crystal 
thus  embedded.  A  smaller  crystal  was  seen  which  was  about  a  foot 
long,  weighed  perhaps  20  pounds,  and  showed  fine  terminations  and 
twinning  planes. 

A  large  amount  of  feldspar  has  been  mined  and  thrown  on  the 
dump,  and  it  is  possible  that  in  time  the  dump  material  may  be 
utilized,  either  for  its  potassium  content,  as  a  fertilizer,  or  for  pottery 
making. 

Large  crystals  of  fluorspar,  measuring  a  foot  along  the  edge,  occur 
in  the  quartz,  but  this  mineral  does  not  form  any  considerable  per- 
centage of  the  mass.  The  fluorspar  ranges  from  almost  colorless 
to  violet  so  dark  that  it  is  practically  opaque.  Where  found  alone 
in  the  quartz  it  was,  so  far  as  observed,  of  lighter  color  than,  where 
found  with  dark-colored  minerals.  Mr.  Hidden  informed  the  writer 
that  it  sometimes  becomes  luminous  at  the  temperature  of  a  living 
room. 

Ilmenite  occurs  in  radiating  bunches  of  sheets  or  blades  ranging 
from  1  inch  to  10  or  11  inches  in  width  and  from  one-sixteenth. to 
one-fourth  of  an  inch  in  thickness.  In  cross  section  the  ilmenite 
looks  like  the  ribs  of  a  fan,  with  the  outer  ends  from  one-fourth  to 
three-fourths  of  an  inch  apart.  Similar  aggregations  take  different 
angles,  and  numbers  of  such  groups  are  found  lying  close  together. 
With  them  occurs  biotite  mica  in  like  bunches,  the  sheets  of  which 
are  said  to  reach  3  feet  in  width  by  an  inch  in  thickness.  The  mica 
is  reported  by  Mr.  Hidden  to  contain  csesium  and  rubidium,  and  to 
bo  close  to  lepidomelane  in  constitution.  Small  flakes  of  lithia  mica 
reaching  half  an  inch  in  diameter  are  found,  generally  along  cracks 
in  the  quartz.  No  muscovite  was  seen,  but  it  is  said  to  be  found 
cwAsionally.  Compared  with  the  mass  the  total  amount  of  mica  is 
very  small. 

THE   RARE-EARTH  MINEliAI^S. 

The  greatest  interest  in  the  dike  centers  in  the  accessory  minerals, 
particularly  in  the  occurrence  of  the  rare-earth  metal  minerals,  which, 
as  stated,  probably  have  never  been  found  at  any  other  place  in  such 
large  masses  and  in  such  quantities  as  in  this  locality.  So  far  the  ex- 
cavations are  comparatively  shallow,  and  such  minerals  as  are  found 

47076— Bull.  340— 08— -19 
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are  more  or  less  weathered.    Many  show  their  crystalline  form,  but 
owing  to  alteration  the  crystals  are  now  imperfect. 

AUanite,  a  variable  silicate  of  calcium,  iron,  aluminum,  and  the 
cerium  metals  (cerium,  praseodymium,  neodymium,  and  lanthanum), 
and  in  smaller  amount  those  of  the  yttrium  group,  occurs  in  large 
masses,  one  of  which  weighed  300  pounds  and  was  embedded  in 
purple  fluorspar.  It  is  a  dense  black  mineral  with  a  fine  luster,  and 
a  hardness  of  about  6.  Around  the  edges  and  along  cracks  it  shows 
alteration  to  a  brown  substance  having  a  hardness  of  about  5.5.  The 
percentage  of  yttria  ordinarily  occurring  in  allanite  is  small  and 
rarely  exceeds  2^  per  cent. 

Cyrtolite  is  rather  common  in  the  dike  in  peculiarly  fine,  polysyn- 
thetic  groupings  with  curved  faces.  It  is  brown  on  the  surface,  with 
a  darker  or  nearly  black  interior,  and  is  evidently  a  mixture  of  sub- 
stances. It  carries  a  considerable  amount  of  zirconia  and  some  yttria, 
and  is  supposed  by  Mr.  Hidden  to  be  an  alteration  product  of  zii^con. 
If  it  is  such  a  derivative,  the  original  mineral  was  probably  much 
more  complicated  than  ordinary  zircon.  It  makes  a  fair  radiograph, 
which  also  gives  evidence  of  its  nonhomogeneity. 

Fergusonite,  a  variable  columbate  of  the  yttrium  group  and  other 
of  the  rare-earth  metals,  occurs  in  four  varieties,  so  different  as  to 
be  almost  distinct  minerals.  The  difference  between  them  is  due  to 
oxidation  and  hydration.  No  anhydrous  varieties  are  found.  It 
is  found  in  crystalline  form  surrounded  by  decomposition  zones. 
Bunches  of  irregular  crystals  have  been  broken  out,  weighing  over 
65  pounds.  It  is  generally  a  mixture  of  minerals,  as  may  be  easily 
seen  on  a  smooth  surface,  from  the  different  colors.  The  difference 
in  composition  is  strikingly  shown  in  a  radiograph,  the  variations 
being  marked  by  difference  in  radiation.  According  to  the  two 
analyses  by  Hidden  and  Mackintosh,**  the  fergusonite  obtained  here 
carries  from  81.36  to  42.33  per  cent  of  yttria  and  accompanying  rare- 
earth  metals,  and  42.79  to  46.27  per  cent  of  columbium  dioxide.  The 
two  analyses  give  1.54  per  cent  and  7.05  per  cent  of  uranium  oxides. 
These  are  probably  very  irregularly  distributed  through  the  material, 
as  shown  both  by  the  mineral  itself  and  especially  by  its  radiographs, 
which  are  of  striking  beauty. 

Gadolinite,  a  silicate  of  beryllium,  iron,  and  yttrium,  is  the  most 
important  of  the  minerals  found  here.  It  contains  about  42  per 
cent  of  the  yttrium  oxides,  with  a  molecular  weight  of  260,  and 
occurs  in  crystals  and  masses  of  irregular  shape  up  to  200  pounds 
in  weight.  The  outer  portion  of  the  mineral  and  that  adjacent  to 
the  cracks  is  altered  to  dense  brick-red  material,  but  the  mineral 

«  Hidden,  W.  E.,  and  Mackintosh,  J.  B.,  Yttria  and  tlioria  minerals  from  Llano  County, 
Tex.:  Am.  Jour.  Sci.,  3d  ser.,  vol.  38,  1889,  pp.  483-484.  The  minerals  of  this  locality 
have  been  well  described  by  these  writers  in  a  number  of  papers. 
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itself  is  of  a  fine,  glassy  black,  with  a  smooth  conchoidal  fracture. 
Thin  splinters  are  bottle-green  in  color.  It  has  a  specific  gravity 
of  a  little  over  4.2,  and  a  hardness  of  6.5  to  7.  A  specimen  collected 
makes  no  impression  on  a  photographic  plate  with  fifty  hours' 
exposure. 

Polycrase,  a  columbate  and  titanate  of  yttrium,  erbium,  cerium, 
and  uranium,  occurs  in  grains,  small  masses,  and  plates^  the  last  asso- 
ciated with  ilmenite  in  such  a  manner  as  to  suggest  the  probability 
of  replacement.  It  normally  contains  between  20  and  30  per  cent  of 
yttrium  oxide,  but  is  in  too  small  amount  to  be  commercially  impor- 
tant.   It  is  very  radioactive,  and  quickly  affects  a  photographic  plate. 

Other  rare-earth  metal  minerals  found  in  the  dike  are  yttrialite, 
rowlandite,  nivenite,  gummite  of  several  varieties,  thorogummite, 
mackintoshite,.and  tengerite.  These  minerals  are  apt  to  occur  in  any 
part  of  the  dike,  either  in  the  quartz  or  the  feldspar,  but  have  so  far 
been  found  mostly  along  the  outer  portions.  A  peculiarity  of  their 
occurrence  is  that  they  are  found  in  bunches  from  which,  if  in  quartz, 
radial  cracks  extend  in  every  direction,  and  by  following  such 
cracks  the  minerals  are  found.  An  illustration  of  such  an  occur- 
rence was  published  by  William  E.  Hidden  in  1905.**  The  cause  of 
these  "  stars,"  as  they  have  been  called  by  Mr.  Hidden,  is  not  clear, 
but  the  thought  suggests  itself  that  the  rare-earth  metal  minerals 
may  have  crystallized  first  from  the  magma,  and  the  solidifying 
quartz,  being  unable  otherwise  to  accommodate  itself  to  the  incom- 
pressible nucleus,  cracked  in  this  manner. 

Mr.  Hidden  stated  that  in  mining  ore  of  the  largest  pockets  the 
faces  and  hands  of  himself  and  his  assistant  were  affected  as  if  by 
simburn,  and,  as  in  sunburn,  the  covered  flesh  was  not  irritated.  He 
suggested  radioactivity  as  the  cause,  and  inasmuch  as  the  minerals 
under  consideration  are  radioactive,  the  explanation  seems  plausible.* 

The  following  was  given  by  Mr.  Hidden  in  a  personal  communi- 
cation as  a  complete  list  of  the  minerals  found  in  Baringer  Hill : 

Minerals  found  in  Baringer  Hilly  Llano  County,  Tex, 

SILICATES. 

Alblte  •         ) 

*  >  occur  as  intergrowths  making  up  the  mass  of  the  feldspar. 

AUanlte ;  a  variable  silicate  of  calcium,  iron,  the  cerium  metals,  and  less 
amounts  of  the  yttrium  group,  in  masses  weighing  up  to  300  pounds,  em- 
bedded in  purple  fluor  spar. 

Biotite;  close  to  lepidomelane. 

CyrtoUte;  hydrated  silicate  of  zirconium,  yttrium,  and  cerium.  Radioactive, 
abundant. 


*  Some  results  of  late  mineral  research  in  Llano  County,  Tex. :  Am.  Jour.  Sci.,  4tb  ser., 
vol.  19,  1905,  p.  432. 

>Mr.  Hidden  has  described  this  incident  in  the  article  referred  to  above. 
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Gadolinite ;  a  silicate  of  beryllium,  iron,  and  yttrium  in  masses,  weighing  up 

to  200  pounds. 
Lithia  mica;  apparently  a  later  deposition  in  cracks  in  quartz.     Small  flakes 

one-half  inch  or  less  across. 
Orthoclase;  not  abundant. 
Yttrialite;  an  anhydrous  silicate  of  thoria,  yttrium,  and  cerium  earths.     CJon- 

tains  about  30  per  cent  silica,  46  per  cent  yttria,  10  to  12  per  cent  thoria, 

and  5  to  G  per  cent  ceria.    Does  not  occur  in  large  quantity. 
Rowlandite;  practically   a   hydrated   yttrium   silicate.     Ck)ntains   5    per   cent 

fluorine. 

COLUMBATES. 

Fergusonite;  four  varieties,  due  to  oxidation  and  hydration.  Neither  is  an- 
hydrous. Purest,  5.65  specific  gravity.  So  different  as  to  be  almost  dis- 
tinct minerals.    Crystals  surrounded  by  decomposition  zones. 

Polycrase;  columbate  and  titanate  of  yttrium,  erbium,  cerium,  and  uranium. 
Contains  about  25  per  cent  of  yttria. 

OXIDES. 

Hematite;  specular,  small  quantity. 

Magnetite;  without  metallic  acids  or  rare  earths. 

Ilmenite;  iron-titanium  oxide  in  beautiful  crystals,  as  well  as  plates  up  to 
8  or  9  inches  broad. 

Rutile;  titanium  oxide,  in  prismatic  and  reticulated  forms  one-fourth  Inch  thick. 

Quartz ;  large  masses  and  crystals  of  white  quartz  and  **  smoky  "  crystals  up 
to  1,000  pounds  in  weight.  Amethysts  of  gem  quality  reach  1  inch  by  one- 
half  inch. 

URANATES. 

Mackintoshite ;  3  parts  thorite  to  1  part  uraninite;  contains  13  per  cent  silica 
and  a  small  amount  of  yttria.  Radioactive;  several  times  more  so  than 
its  alteration  product. 

Thorogummite ;  formed  from  mackintoshite  by  addition  of  H2O  and  alteration 
of  UO2  to  UO3. 

Nivenite;  a  uranate  of  uranium,  thorium,  yttrium,  and  lead.  Contains  10  per 
cent  of  lead.  The  most  soluble  uranate  yet  discovered ;  soluble  in  5  per  cent 
solution  of  SO3.  Prints  well  and  gives  great  detail.  Occurs  in  cubes  and 
masses.  (See  Dana's  System  of  Mineralogy,  p.  889,  for  two  analyses.) 
Alters  to  gum  mite. 

Gummite;  several  varieties. 

PHOSPHATE. 

Autunite;  hydrous  phosphate  of  uranium  and  calcium;  secondary,  not  analyzed. 

CARBONATES. 

Tengerite;  carbonate  of  yttrium  and  beryllium.  Generally  globular,  but  occurs 
also  as  crystals  up  to  one-sixteenth  inch  in  length  singly  and  as  little  nests. 
May  be  a  mixture  of  beryllium  and  yttrium  carbonates. 

Lanthanite:  carbonate  of  lanthanum,  containing  also  cerium,  praseodymium,  and 
calcium.     In  incrustations  on  allanite, 
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SULPHIDES. 

Chalcopyrite ;  iron-copper  sulphide,  massive,  in  small  amount. 
Pyrite;  iron  sulphide,  cubic  and  octahedral. 

Sphalerite;  zinc  sulphide;  the  purest  fergusonite  contains  some  zinc. 
Molybdenite;  molybdenum  sulphide  in  scales  5  inches  wide,  which  form  masses 
weighing  up  to  10 J  i)ounds.    Alters  to  powellite. 

MOLYBDATE.  «. 

Powellite;  calcium  molybdate,  in  white  crusts  lining  cavities  where  MbS  has 
been.  Sugary  white  radiating  or  plumose  crystals,  one-fourth  to  three- 
fourths  inch  long.    Locally  greenish. 

It  is  interesting  to  note  that  among  the  numerous  minerals  in  this 
dike  no  tourmaline,  zircon,  beryl,  monazite,  cassiterite,  garnet,  or 
tungsten  minerals  have  been  found.  Cassiterite  has  been  reported 
from  the  neighborhood,  but  its  occurrence  is  extremely  doubtful. 

With  the  exception  of  the  alteration  products  and  probably  of  the 
lithia  mica,  which,  as  noted,  occurs  along  cracks  in  the  quartz,  all 
the  minerals  are  believed  to  be  original  constituents  of  the  dike. 

The  possibility  of  finding  dikes  having  a  like  variety  of  minerals 
at  once  suggests  itself,  and  much  prospecting  has  been  done  for  them. 
A  few  specimens  of  the  rare-earth  metal  minerals  have  been  found  at 
other  places  in  the  neighborhood,  but  only  a  few,  and  in  small  quan- 
tity. However,  similar  dikes  occur,  as  already  stated,  and  these  have 
not  all  been  thoroughly  investigated.  It  is  to  be  remembered  that 
these  minerals  form  but  a  small  fraction  of  1  per  cent  of  the  mass, 
and  it  might  easily  happen  that  comparatively  large  amounts  could 
exist  in  a  dike  and  not  be  exposed  at  the  outcrop.  They  are  minerals 
which  are  altered  to  softer  products  by  exposure,  and  would  thus  be 
easily  removed  by  erosion  and  weathering.  The  cracks  surrounding 
nuclei  of  the  minerals  should  be  useful  in  prospecting. 

ECONOMIC  VAI.UE. 

The  economic  interest  in  the  rare-earth  metal  minerals  centers  in 
their  incandescence  on  being  heated,  and  owing  to  this  property  they 
have  been  much  sought.  Thoria,  beryllia,  yttria,  and  zirconia  show 
it  in  the  greatest  degree.  It  was  found,  however,  that  thoria  and 
beryllia,  which  form  the  bulk  of  the  incandescent  oxides  used  in  gas 
mantles  are  too  easily  volatilized  to  be  used  in  an  electric  glower, 
such  as  that  of  the  Nemst  lamp.  Yttria  and  zirconia,  however,  will 
stand  the  necessary  high  temperature.  Up  to  the  discovery  of  this 
deposit  it  was  practically  impossible  to  get  sufficient  yttria-bearing 
minerals  to  manufacture  the  lamps,  but  fergusonite  and  gadolinite, 
with  lesser  amounts  of  cyrtolite,  are  found  here  in  large  enough  quan- 
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tity  to  meet  the  requirements.  The  zirconia  is  obtained  from  zircon 
brought  from  other  localities. 

In  the  manufacture  of  the  glowers  for  the  Nemst  lamp,  a  paste 
consisting  of  25  per  cent  of  yttria  and  75  per  cent  of  zirconia  is 
squirted  into  strips  of  the  proper  thickness,  baked,  and  cut  into  the 
required  lengths.  When  cold  the  mixture  is  nonconducting,  but  after 
being  heated  it  becomes  a  conductor  and  gives  a  brilliant  light. 

The  needs  of  the  Nernst  Lamp  Company,  which  owns  the  deposit, 
require  only  the  occasional  working  of  the  mine.  After  enough 
yttria  minerals  are  obtained  to  supply  its  wants  for  a  few  months 
ahead  the  mine  is  closed.  But  a  few  hundred  pounds  per  year  are 
extracted. 


TIN  ORE  AT  SPOKANE,  WASH. 


By  Arthur  J.  Collier. 


INTRODUCTION. 

One  of  the  mineral  discoveries  reported  during  the  year  1907 
which  has  attracted  considerable  attention  is  that  of  tin  ore  at  Sil- 
ver Hill,  southeast  of  Spokane,  Wash.  Prospects  of  silver-bearing 
galena  had  been  known  at  this  place,  and  a  search  for  metalliferous 
minerals  and  also  for  coal  had  been  carried  on  here  for  several  years. 
The  tin-bearing  mineral,  cassiterite,  was  identified  as  such  by  Rich- 
ard Marsh,  of  Spokane,  in  the  summer  of  1906,  but  prospecting  for 
tin  was  not  commenced  before  March,  1907.  By  the  1st  of  June 
several  carloads  of  selected  ore  had  been  mined  and  piled  on  the 
dump.  The  first  authentic  report  of  this  discovery  published  out- 
side of  the  local  newspapers  was  by  A.  R.  Whitman,**  of  Spokane, 
June  1,  1907. 

As  the  locality  is  a  new  one  for  tin  ore,  none  having  been  previously 
reported  from  the  State  of  Washington,  the  writer  spent  several 
days  early  in  the  season  examining  the  prospects,  and  again  visited 
the  region  in  October  to  note  the  developments  made  during  the 
summer.  The  owners,  Messrs.  Charles  Robbins  and  Richard  Marsh, 
of  Spokane,  provided  every  facility  for  this  examination  and  cheer- 
fully supplied  all  of  the  information  resulting  from  their  explora- 
tions. Mr.  A.  R.  Whitman  also  offered  the  results  of  his  observations 
and  accompanied  the  writer  on  one  of  his  visits  to  the  field.  The 
present  report  is  based  on  these  limited  investigations,  and  is  neces- 
sarily incomplete,  although  many  of  the  facts  relating  to  the 
occurrence  of  the  ore  have  been  ascertained. 

GEOGRAPHY. 

Spokane,  the  most  important  city  of  eastern  Washington,  is  sit- 
uated about  18  miles  from  the  Idaho  State  line  and  90  miles  south 
of  the  Canadian   boundary,  on  the   lines  of  the  Northern   Pacific, 


•  A  tin  deposit  near  Spokane :  Mln.  and  Scl.  Press,  vol.  94,  June  1,  1907,  p.  697 ;  vol.  95, 
July  13,  1907,  p.  49. 
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Great  Northern,  and  Union  Pacific  railroad  systems.  It  is  a  center 
for  extensive  agricultural,  lumbering,  and  mining  interests.  Vast 
expanses  of  rich  wheat  lands  in  the  Palouse  and  Big  Bend  countries 
lie  to  the  south  and  west.  Great  forests  of  valuable  timber  lie  within 
100  miles  to  the  east,  and  the  mines  of  the  Coeur  d'Alene  district, 
the  chief  producers  of  lead-silver  ores  in  the  United  States,  are 
within  100  miles  to  the  southeast.  Spokane  River  has  a  fall  of 
several  hundred  feet  and  furnishes  the  surrounding  country  with 


2  3  4-5  miles 


Fig.  1G. — Index  map  showing  location  of  tin  deposit  at  Silver  Hill,  near  Spokane,  Wash. 

water  power.     Several  electric  interurban  railroads  radiating  from 
Spokane  are  operated  with  power  from  the  falls. 

The  tin  deposits  (see  fig.  16)  are  situated  on  one  of  these  roads 
within  half  an  hour's  ride  from  the  center  of  the  city.  The  location 
is  an  ideal  one  for  mining,  milling,  and  shipping  ore,  provided  it  is 
found  in  sufficient  quantities,  the  only  element  lacking  being  coal. 
No  deposits  of  coal  suitable  for  smelting  tin  oras  are  known  within 
150  miles. 
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TOPOGRAPHY. 

The  area  covered  by  the  index  map  (fig.  16)  has  a  total  relief  of 
1,900  feet,  the  lowest  point  along  Spokane  River  being  less  than  1,800 
feet  above  sea  level,  and  the  elevation  of  the  highest  point  in  a 
mountain  between  the  two  railroads  southeast  of  the  city  being 
3,700  feet.  It  presents  three  notable  topographic  features — a  broad, 
flat  valley  1,900  to  2,000  feet  above  the  sea,  a  level  pjateau  2,300  to 
2,400  feet  above  the  sea,  and  the  mountainous  area  already  noted.  The 
plateau  is  a  constructional  feature  and  approximately  represents 
the  surface  of  the  Yakima  basalt,**  which  extends  westward  and 
southward  for  several  hundred  miles  underlying  the  wheat  lands  of 
the  Big  Bend  and  Palouse  countries.  It  is  well  represented  at  Moran 
Prairie,  west  of  the  Inland  Empire  Railroad  between  Spokane  and 
Silver  Hill.  Latah  Creek  occupies  a  narrow  canyon  cut  out  of  the 
plateau  west  of  the  prairie,  and  the  slopes  of  the  mountainous  area 
rise  more  or  less  abruptly  from  its  eastern  margin,  which  for  sev- 
eral miles  is  marked  by  the  line  of  the  Inland  Empire  road.  The 
topography  of  the  mountainous  area  is  not  remarkably  rugged,  and 
although  the  slopes  are  steep  in  many  places  they  are  usually  cov- 
ered with  soil.  Spokane  Valley,  several  miles  wide  and  300  feet 
lower  than  the  plateau,  extends  east  and  west  across  the  north  end 
of  the  area  mapped.  At  the  falls  in  the  center  of  the  city  the  river 
plunges  into  a  gorge  cut  below  the  valley  floor. 

The  history  of  this  topography  is  about  as  follows :  *  Previous  to 
the  outpouring  of  the  basalts,  the  region  south  and  west  of  Spokane 
was  one  of  well-developed  drainage,  with  mountains,  hills,  and  val- 
leys produced  by  erosion.  Then  occurred  one  of  the  most  remark- 
able volcanic  outbursts  that  the  earth  has  known.  The  old  topog- 
raphy for  hundreds  of  miles  was  submerged  in  seas  of  lava  and 
basalt,  which  welled  up  from  fissures  in  the  earth's  crust.  Only  the 
higher  mountains,  like  that  southeast  of  Spokane,  projected  above 
the  basalt  in  islands  and  promontories.  The  basalt  surface  was 
later  elevated  to  its  present  position,  and  the  rivers  and  creeks  flow- 
ing across  it  have  eroded  valleys  and  canyons  like  those  of  Spokane 
River  and  Latah  Creek.  This  subsequent  drainage  was  more  or 
less  modified  in  some  places  by  the  ice  invasion  during  the  glacial 
period,  but  there  is  no  evidence  of  ice  action  in  the  vicinity  of  Silver 
Hill. 

•Smith,  G.  O.,  Water-Sup.  and  Irr.  Paper  No.  55,  U.  S.  Geol.  Survey  1901,  pp.  15-17, 
Calkins,  F.  C,  Water-Sup.  and  Irr.  Paper  No.  118,  U.  S.  Geol.  Survey,  1905,  pp.  30-45. 

*WilllB,  Bailey,  Changes  in  river  courses  in  Washington  Territory  due  to  glaciation; 
Bull.  U.  S.  Geol.  Survey  No.  40,  1887,  pp.  7-8. 
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GEOI.OGY. 
GENERAL  CONDITIONS. 

The  geology  of  the  Spokane  region  has  not  been  examined  in  detail, 
but  the  rocks  of  the  vicinity  fall  into  three  groups  whose  relations  are 
known  in  a  general  way.  The  rocks  which  seem  to  be  the  oldest  in 
the  region  comprise  a  complex  mass  of  gneisses  and  schists  with  many 
igneous  intrusions  of  various  kinds.  These  rocks  form  the  mountains 
southeast  of  Spokane  and  contain  the  tin  deposits.  They  probably 
extend  westward  under  the  basalts  for  an  indefinite  distance.  South 
of  Spokane  such  rocks  crop  out  through  the  basalts  at  intervals  for 
40  or  50  miles,  and  they  are  almost  continuously  exposed  around  the 
northern  edge  of  the  basalt  area  to  the  north-central  part  of  the  State. 
Deposits  of  tungsten  ore  haye  been  reported  from  them  near  Deer- 
trail,  Stevens  County,  40  miles  northwest  of  Spokane,  and  also  near 
Loomis,  Okanogan  County,  130  miles  distant  in  the  same  direction. 
East  of  the  crystalline  schists  and  gneisses  there  is  an  extensive  area 
of  only  slightly  metamorphosed  slates,  quartzites,  and  limestones 
which  have  been  studied  in  great  detail  in  the  Coeur  d'Alene  mining 
district  of  Idaho  <*  and  are  known  to  be  of  Algonkian  age^  The  con- 
tact relations  of  the  metamorphic  rocks  near  Spokane  with  the  Algon- 
kian rocks  have  not  been  definitely  determined,  although  the  former 
apparently  underlie  the  latter.  This  fact,  together  with  their  highly 
metamorphosed  condition,  suggests  strongly  that  the  gneisses  and 
schists  at  Spokane  are  older  than  the  Coeur  d'Alene  rocks  and  are, 
therefore,  Archean  in  age,  and  this  opinion  is  held  by  the  writer, 
although  he  is  aware  that  Carboniferous  fossils  have  been  obtained 
from  what  appear  to  be  rocks  of  the  same  complex  in  the  north- 
central  part  of  the  State. 

The  basalts  are  of  Miocene  age  and  overlap  the  crystalline  schists 
in  the  vicinity  of  Spokane,  their  eastern  limit  coinciding  approxi- 
mately with  that  of  Moran  Prairie.  For  several  miles  between 
Spokane  and  Silver  Hill  the  Inland  Empire  Railroad  follows  this 
contact. 

LOCAL  GEOLOGY. 

The  tin  deposits  occur  in  the  metamorphic  rocks  regarded  as  Ar- 
chean. These  rocks  are  very  much  shattered  and  here  include  biotite 
gneisses,  dark-colored  quartzites,  and  mica  schists,  in  many  places 
graphitic  and  spotted  with  large  crystals  of  andalusite,  as  well  as 
numerous  intrusive  bodies  of  granite,  pegmatite,  aplite,  quartz,  and 
a  more  basic  rock  somewhat  resembling  basalt.     Exposures  in  the 

»  Ransome,  F.  L.,  Ore  deposits  of  the  Coeur  d'Alene  district :  Bull.  U.  S.  Geol.  Survey 
No.  260,  1904,  pp.  274-303.  Ransome,  F.  L.,  and  Calkins,  F.  C,  Geology  and  ore  de- 
posits of  the  Coeur  d'Alene  district,  Idaho :  Prof.  Paper  U.  S.  Geol.  Survey  No.  62  (in 
press). 
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railroad  cuts  indicate  that  the  structure  is  very  complex,  and  on  the 
map  (fig.  17)  the  schists  and  quartzites  are  not  differentiated  from 
the  gneisses,  owing  to  the  meager  evidence  afforded  by  the  outcrops. 
Dikes  or  veins  of  pegmatite,  aplite,  and  quartz  believed  to  be  aqueo- 
igneous  intrusions  in  the  metamorphic  rocks  make  the  most  conspicu- 
ous^^utcrops.  They  will  be  described  in  connection  with  the  ore  de- 
posits. The  larger  masses  of  such  rock  usually  have  their  longer 
dimensions  parallel  with  the  bedding  or  schistosity,  but  some  of  the 
smaller  veins  cut  across  it.  Near  their  contacts  with  the  surrounding 
rocks  these  veins  and  dikes  usually  consist  of  the  ordinary  pegmatite 
and  aplite  minerals — quartz,  orthoclase,  and  muscovite,  with  tourma- 
line and  in  some  places  apatite  as  accessory  constituents    The  larger 


Fio.  17. — Sketch  map  showing  distribution  of  outcrops  of  granite,  pegmatite,  and  quarts 
at  Silver  Hill,  near  Spokane,  Wash.     See  text  for  explanation  of  reference  letters. 

masses  away  from  the  contacts  vary  greatly  in  composition.  Some 
of  them  contain  cassiterite  associated  with  more  or  less  sillimanite 
and  andalusite ;  others  consist  of  nearly  pure  quartz. 

Granite  occurs  in  stocks  or  bosses,  one  of  which  is  shown  on  the 
map  (fig.  17).  It  is  a  moderately  coarse-grained  rock  which  shows 
no  evidence  of  shearing,  and  consists  essentially  of  quartz,  biotite, 
and  both  orthoclase  and  plagioclase  feldspar,  having  approximately 
the  composition  of  monzonite.  Tungsten  ores,  wolframite  and  scheel- 
ite,  have  been  found  at  the  contact  of  this  granite  with  the  sedimen- 
tary rocks,  and  the  granite  is  regarded  as  a  possible  magma  from 
which  the  tin  ores  emanated. 
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The  metamorphic  rocks  exposed  in  the  railroad  cuts  include  some 
irregular  masses,  too  small  to  show  on  the  map,  of  a  reddish-brown 
igneous  rock  resembling  basalt,  and  what  is  thought  to  be  a  sill  of  the 
same  rock  cuts  one  of  the  bodies  of  tin  ore.  In  some  places  the  rock 
contains  small  veins  of  pegmatite  and  is  evidently  older  thanj^he 
latest  granitic  intrusions.  Although  the  specimens  obtained  of  mis 
rock  are  more  or  less  weathered,  its  mineral  constituents  have  been 
partly  determined.  It  consists  essentially  of  plagioclase  feldspar, 
augite,  and  biotite,  and  is  tentatively  regarded  as  kersantite. 

The  distribution  of  the  rocks,  as  indicated  by  their  outcrops,  is 
shown  on  the  sketch  map  (fig.  17),  the  area  covered  being  about  20 
acres.  Pegmatites  and  aplites  of  varying  composition  are  in  many 
places  intimately  associated  with  masses  of  nearly  pure  granular 
quartz  and  are  not  differentiated  on  the  map  from  the  quartz  veins. 
Tin  ores  have  been  found  in  these  intrusives  at  the  four  points 
marked  a,  /,  A,  and  j.  The  principal  developments  for  tin  ore  con- 
sist of  an  open  cut  called  the  "  west  cut "  and  a  shaft  and  drift  at  the 
point  marked  a.  A  deep  shaft  at  the  point  /  and  a  tunnel  at  e  are 
old  excavations  made  on  an  outcrop  of  quartz  in  a  search  for  lead- 
silver  ores.  The  tunnel  at  e  crosscuts  the  strike  of  the  metamorphic 
rocks  and  exposes  a  thickness  of  about  100  feet  of  sedimentary  rocks, 
mostly  quartzite,  cut  by  many  small  veins  of  pegmatite  and  aplite. 
A  tunnel  at  the  point  marked  i  was  excavated  several  years  ago  in 
a  search  for  coal,  the  rock  discovered  being  a  very  black,  smutty 
graphitic  schist,  spotted  with  large  phenocrysts  of  andalusite.  An 
open  cut,  called  the  "  east  cut,"  near  the  point  h  exposes  a  contact  of 
granite  with  quartzite  along  which  tungsten  ores  have  been  found. 

Veins  of  granular  quartz  containing  some  silver-bearing  galena  are 
exposed  at  the  points  marked  h  and  rf,  and  several  outcrops  of  similar 
quartz  in  which  no  metallic  minerals  have  been  found  are  located 
near  the  point  marked  g. 

TIIK   i  IX  ORE. 

CHARACTER. 

The  cassiterite  found  at  Silver  Hill  is  nearly  black  and  without 
definite  crystal  outlines.  It  is  distributed  through  a  nearly  white 
fine-grained  rock  characterized  by  slight  tinges  of  pink,  in  grains 
from  the  size  of  a  pin  head  to  several  inches  in  diameter.  An  analysis 
of  the  crushed  rock  from  which  the  cassiterite  had  been  removed  by 
panning  gave  the  following  result : 
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Analysis  of  tin-bearing  rock  at  Silver  Hilly  Washington. 

[Richard  Marsh,  analyst.] 

SiOs 74.02 

Fe \ 2.  24 

Mg 1. 22 

CaO 2. 28 

A1,0. 17.  05 


96.81 

When  examined  with  a  lens,  the  peculiar  appearance  of  the  gangue 
is  found  to  be  due  largely  to  a  fine  fibrous  mineral  in  radiating 
aggregates.  All  masses  of  this  rock  that  have  been  examined  shade 
off  into  bodies  of  nearly  pure  sugary  granular  quartz,  much  of  it 
yellowish  from  iron  stain.  Where  the  tin-bearing  rock  joins  the 
quartz  the  two  interlock  along  the  contact,  producing  a  texture  re- 
sembling that  of  pegmatite.  This  texture  is  much  more  eyi^nt  in  a 
large  outcrop  marked  c  on  the  sketch  map  (fig.  17),  in  which,  no  cassi- 
terite  has  been  found.  Characteristic  pegmatite  consisting  of  coarse- 
grained quartz,  orthoclase,  muscovite,  and  black  tourmaline  occurs  at 
the  contact  of  the  tin  ore  with  the  hanging  wall  at  the  west  cut  (a, 

fig.  17). 

The  mineral  characteristics  of  the  tin-bearing  rock  were  determined 
microscopically  in  thin  sections.  It  consists  essentially  of  quartz, 
orthoclase  feldspar,  sillimanite  in  slender  radiating  crystals,  and  a 
highly  refractive,  faintly  pleochroic  mineral  without  definite  out- 
lines, which  has  been  determined  as  andalusite.  There  are  also 
patches  of  sericite  and  kaolin.  The  quartz  contains  minute  fluid  and 
gaseous  inclusions  arranged  in  parallel  lines  along  many  of  which 
fractures  have  been  developed.  The  feldspars  are  slightly  clouded  in 
the  thin  sections  examined,  but  present  no  evidence  of  decomposition 
other  than  weathering.  Where  feldspar  is  in  contact  with  andalusite 
or  sillimanite  its  boundaries  are  distinct,  and  here  and  there  silli- 
manite fibers  are  included  in  the  quartz.  Neither  fluorite  nor  lithia 
mica  has  been  identified  in  the  tin  ores  or  the  inclosing  rocks.  The 
cassiterite  as  seen  in  the  thin  section  presents  no  evidence  of  being 
due  to  secondary  deposition.  Except  for  the  andalusite  the  mineral 
characteristics  of  the  ore-bearing  rock  are  similar  to  those  of  a  rather 
fine-grained  pegmatite. 

Sillimanite  has  often  been  found  as  a  constituent  of  granite  and 
pegmatite,  but  andalusite  has  seldom,  if  ever,  been  reported  as  a  con- 
stituent of  pegmatite,  and  in  no  instance  known  to  the  writer  has  it 
been  found  in  association  with  tin  ore,  though  it  has  been  reported 
as  a  constituent  of  granite  masses  near  their  contacts.  The  inclusion 
of  andalusite  in  this  pegmatite  mass  is,  therefore,  apparently  a  unique 
occurrence.  Many  of  the  inclosing  schists  contain  andalusite  as  an 
essential  constituent,  and  it  is  probable  that  the  andalusite  of  the  ore 
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bodies  has  in  some  way  been  derived  from  them,  for  there  is  no  evi- 
dence of  its  having  been  produced  by  the  decomposition  of  the  feld- 
spars. Examination  of  a  number  of  thin  sections  of  the  granular 
quartz  associated  with  these  ore  bodies  shows  that  the  rock  consists 
of  rather  large  interlocking  grains  of  quartz  with  only  scattered 
foils  of  muscovite  mica.  The  quartz  grains  are  marked  by  parallel 
lines  of  inclusions  and  fracture  planes,  like  the  quartz  of  the  tin  ore, 
and  the  texture  also  seems  to  be  similar.  These  masses  of  quartz  are 
regarded  by  the  writer  as  more  siliceous  portions  of  the  pegmatite 
bodies,  due  to  a  different  phase  of  the  same  aqueo-igneous  action. 
Pegmatites  and  aplites  are  regarded  as  products  of  granite  intrusions 
in  which  the  more  siliceous  minerals  are  concentrated.  When  granite 
masses  gradually  cool  and  solidify  the  dark-colored  minerals  crys- 
tallize more  readily  than  the  siliceous  minerals  such  as  quartz  and 
orthoclase,  and  in  the  last  stages  of  consolidation  the  portions  renam- 
ing liquid  contain  an  excess  of  silica,  together  with  a  large  percentage 
of  the  water  contained  in  the  whole  of  the  original  magma.  The 
material  is  practically  a  solution  of  siliceous  minerals  in  superheated 
water,  and  if  it  escapes  into  fissures  in  the  surrounding  rocks  it  forms 
pegmatite  dikes  near  the  sources  of  emanation  and  may  deposit  quartz 
veins  farther  away. 

The  cassiterite  at  Silver  Hill  is  apparently  an  original  constituent 
of  the  pegmatite.  In  this  respect  the  Spokane  tin  ore  resembles  that 
of  North  Carolina «  and  the  Black  Hills.  Silver-bearing  galena, 
wherever  it  has  been  found,  is  confined  to  the  more  siliceous  veins. 
Wolframite  and  scheelite  also  seem  to  be  associated  with  the  masses 
of  quartz  near  their  contacts  with  the  granite  or  pegmatites.  In  the 
open  cut  along  the  contact  of  granite  and  quartzite  at  the  point 
marked  h  (fig.  17),  and  also  in  the  main  shaft  at  the  point  marked  a, 
these  ores  form  nodules  up  to  2  inches  in  diameter  in  masses  of  nearly 
pure  quartz.  Scheelite  is  more  common  than  wolframite,  and  was 
probably  deposited  first.  Some  of  the  nodules  of  scheelite  are  sur- 
rounded by  a  thin  crust  or  rim  of  wolframite.  Mr.  A.  R.  AVhitman 
has  inferred  from  this  that  the  scheelite  was  first  deposited  and  after- 
wards partly  altered  to  wolframite  by  solutions  containing  iron  and 
manganese.  The  alternative  hypothesis,  that  the  wolframite  was 
originally  deposited  as  such  around  the  scheelite  nodules,  is  equally 
possible,  however,  and  equally  well  supported  by  the  evidence  at  hand. 

DEVELOPMENTS  AND  FORM  OF  ORE  BODIES. 

Tin  ore  of  the  type  described  has  been  found  at  four  localities  in 
this  area.  At  the  point  /  (fig.  17)  a  large  bowlder  of  such  ore  was 
found  on  the  surface  near  the  old  shaft.     At  the  point  h  a  bowlder 

*>  Graton,  L.  C,  Gold  and  tin  deposits  of  the  southern  Appalachians :  Bull.  U.  S.  Geol. 
Survey  No.  293,  1906,  p.  82. 


TIN   ORE   AT   SPOKANE,  WASH.  808 

weighing  about  500  pounds  and  containing  approximately  10  per 
cent  of  cassiterite  was  found,  but  it  was  not  traced  to  its  bed-rock 
source,  although  considerable  excavating  has  been  done.  At  the  point 
j  there  is  an  extensive  outcrop  of  andalusite-bearing  pegmatite  like 
that  containing  the  ore,  but  only  a  small  amount  of  cassiterite  has 
been  found  in  a  few  small  fragments  on  the  surface. 

The  principal  workings  and  the  largest  amount  of  tin  ore  found 
are  at  what  is  known  as  the  "  west  cut "  (a,  fig.  17) .  This  ore  body 
was  first  developed  by  an  open  cut  150  feet  long,  in  which  a  mass  of 
pegmatite  and  quartz  was  uncovered.  The  tin-bearing  rock  dips  to 
the  southwest  at  an  angle  of  about  45°,  and  lies  between  well-defined 
walls.  The  hanging  wall  is  a  biotite  gneiss  or  gneissoid  granite  with 
the  foliation  parallel  to  the  ore  body.  The  foot  wall  consists  of 
quartzite  and  black  andalusite  schist,  but  owing  to  the  fact  that 
there  is  a  casing  of  more  or  less  altered  rock  along  the  contact  of  the 
ore  with  the  foot 

wall,  the  attitude  ^-ff^t^^^y^tr^^^^^^^ 

of  the  bedding  or 
schistosity  has  not 
been  definitely  de- 
termined. A  sill 
of  the  basaltic 
rock,"  provision- 
ally determined  as 
kersantite,  divides 
the  vein  into  an 
upper  and  a  lower 

portion.    This  sill       T?^^/^      ?         ,  .^  so  feet 

ends    abruptly 

against    the    hano*-      ^'®*    ^®* — S®^*^^^  ^'  ^^^  ^°^y  ^^  silver   HIII,   near  Spokane, 

ing    wall,     but 

probably  extends  for  some  distance  into  the  foot  wall.  It  dips 
toward  the  northwest  at  an  angle  of  about  5°,  and  reaches  the  floor 
at  the  end  of  the  cut.  The  relations  of  the  different  rocks  exposed 
are  shown  in  the  section  (fig.  18).  A  small  amount  of  cassiterite  was 
found  very  much  disseminated  through  the  pegmatite  above  the  ker- 
santite sill.  Below  this  sill  the  pegmatite  for  20  or  30  feet  contained 
sufficient  cassiterite  to  make  it  a  commercial  ore.  The  mineral  was 
most  abundant  in  the  central  part  of  the  pegmatite  mass.  The  maxi- 
mum thickness  of  ore  found  at  any  point  was  probably  not  less  than 
10  feet.  From  the  point  where  the  richest  ore  was  found  a  shaft  has 
been  sunk  to  a  depth  of  125  feet  on  an  incline  of  approximately  45°. 
In  depth  the  pegmatite  is  displaced  by  barren  quartz  on  the  hanging 
wall,  as  is  shown  in  the  section  (fig.  18).  Some  cassiterite  was 
found  to  a  depth  of  50  feet,  although  it  gradually  decreases  in 
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amount  below  the  bottom  of  the  cut.  Below  the  100-foot  level  the 
walls  of  the  ore  body  come  together,  and  for  some  distance  the  vein 
or  dike  is  not  well  defined,  although  large  nodules  of  tungsten  ore 
have  been  found.  On  the  100-foot  level  a  drift  has  been  run  to  the 
north  for  a  distance  of  100  feet.  This  drift  is  partly  in  barren  quartz 
and  partly  in  the  pink  pegmatite  regarded  as  tin-bearing  rock. 
About  35  feet  from  the  shaft  this  rock  contained  a  notable  amount  of 
cassiterite,  and  part  of  it  was  rich  enough  to  be  regarded  as  tin  ore. 
At  the  end  of  the  drift  a  second  sill,  probably  of  kersantite,  was  en- 
countered dipping  to  the  southeast.  These  excavations  have  gone  far 
enough  to  show  that  the  tin-bearing  intrusion  is  of  irregular  form, 
that  the  tin  is  not  uniformly  distributed  through  it,  and  that  it  may 
be  confined  to  an  ore  shoot  pitching  to  the  northwest. 

VALUE  OF  THE  ORE. 

In  the  course  of  these  excavations  the  tin  ore  has  been  carefully 
selected  from  the  barren  rock  and  piled  on  the  dump,  where,  at  the 
present  time,  there  is  probably  from  100  to  200  tons.  The  quantity 
was  roughly  estimated  at  125  tons  by  the  writer.  It  is  exceedingly 
difficult  to  make  a  close  estimate  of  the  value  of  this  ore,  as  it  con- 
sists of  pieces  varying  in  size  up  to  100  pounds  or  more,  in  which 
the  cassiterite  is  unevenly  distributed  in  grains  from  the  size  of 
a  pin  head  to  several  pounds  in  weight.  Mr.  Richard  Marsh  has 
estimated  the  cassiterite  or  black  tin  contained  at  6  per  cent.  Mr. 
A.  R.  Whitman  estimates  the  metallic  tin  at  3  per  cent.  From  an 
inspection  of  the  dump,  the  writer  is  of  the  opinion  that  the  former 
estimate  may  be  more  nearly  correct.  The  cassiterite  is  reported  by 
both  Mr.  Marsh  and  Mr.  Whitman  to  be  remarkably  free  from  im- 
purities, and  it  is  believed  that  a  concentrate  containing  70  per  cent 
metallic  tin  can  be  obtained.  Scheelite  and  wolframite  in  small  quan- 
tities have  been  found  at  a  number  of  places  in  this  vicinity,  but 
they  are  not  closely  associated  with  the  cassiterite  in  the  lodes,  and 
are  not  found  in  the  concentrates.  At  present  prices  (February, 
1908),  metallic  tin  is  worth  about  28  cents  per  pound,  and  tungsten 
ores  are  worth  twice  as  much  per  unit «  as  the  tin  ore.  The  tailings 
resulting  from  milling  this  ore  make  white  sand  of  good  quality, 
for  which  builders  in  Spokane  are  reported  to  be  willing  to  pay  as 
much  as  75  cents  a  ton. 


«  The  unit  referred  to  Is  1  per  cent  of  metal  contained  In  2,000  pounds  of  ore.  For  the 
fluctuations  in  the  price  of  tin  and  the  tungsten  minerals,  see  Mineral  Resources  for  1906, 
U.  S.  Geol.  Survey,  1907.  This  report  can  be  obtained -on  application  to  the  Director  of 
the  Survey. 
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PROSPKCTING  FOR  PL.ACER  TIX. 

The  mountain  mass  from  which  Silver  Hill  is  a  spur  owes  its 
present  contour  to  erosion,  and  the  tin  ores  from  the  portions  thus  re- 
moved should  be  concentrated  in  stream  gravels  at  no  very  great  dis- 
tance; the  quantity  of  such  placer  tin,  if  it  could  be  determined, 
would  be  an  index  to  the  quantity  of  tin  in  the  lodes.  No  tin-bearing 
gravels  have  yet  been  discovered,  but  very  little  prospecting  for  such 
deposits  has  been  done.  As  has  been  noted,  most  of  the  erosion  of 
the  mountain  mass  was  accomplished  before  the  outpouring  of  the 
basalts  which  filled  all  the  valleys  and  submerged  the  lower  hills. 
It  is  to  be  expected,  therefore,  that  the  greater  part  of  the  tin-bearing 
gravels,  if  such  exist,  are  buried  below  the  basalts  and  may  never 
be  discovered. 

CONCIiUSIONS. 

Inasmuch  as  cassiterite  is  a  mineral  not  affected  by  processes  of 
secondary  or  surface  enrichment,  and  in  the  present  instance  it  is  an 
original  constituent  of  the  igneous  rocks  in  which  it  occurs,  it  is 
reasonable  to  expect  that  the  quantity  of  ore  exposed  in  outcrop  will 
approximate  that  to  be  found  at  lower  levels.  The  ore  is  contained  in 
rather  irregular  aqueo-igneous  veins  or  dikes,  several  of  which  outcrop 
in  the  area  under  examination.  It  has  been  found  in  four  such  out- 
crops, one  of  which  yielded  approximately  125  tons  of  ore.  The  others 
produced  smaller  amounts,  but  may  not  have  been  thoroughly  pros- 
pected. No  bodies  of  tungsten  ore  large  enough  to  be  of  economic 
value  have  been  discovered  up  to  the  present  time. 

Veins  and  dikes  of  pegmatite  are  not  uncommon  elsewhere  in  the 
metamorphic  rocks  of  this  region,  which  are  continuously  exposed 
for  several  miles  to  the  east  and  outcrop  at  intervals  for  at  least  40 
miles  to  the  south.  No  cassiterite  has  yet  been  found  in  these  rocks 
except  at  Silver  Hill,  but  such  discoveries  are  to  be  expected. 

The  developments  at  Silver  Hill  indicate  that  the  tin  ore  is  to  be 
found  in  detached  masses  whose  relations  to  each  other  can  not  yet 
be  forecast,  and  the  economic  value  of  the  deposit  will  depend  to 
a  considerable  extent  on  the  amount  of  excavation  necessary  to  lo- 
cate other  ore  bodies.  This  can  be  determined  only  by  experience 
involving  a  further  outlay  of  capital  and  possibly  requiring  several 
years'  time,  but  the  discoveries  already  made  are  of  sufficient  value 
to  warrant  such  investigations. 
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AN  ESTIMATE  OF  THE  TONNAGE  OF  AVAILABLE  CLIN- 
TON IRON  ORE  IN  THE  BIRMINGHAM  DISTRICT, 
AUBAMA. 

By  Ernest  F.  Burchard. 


INTRODUCTION. 

In  a  previous  paper  "  it  was  stated  that  a  forthcoming  more  detailed 
report  on  the  iron  ores  of  the  Birmingham  district  would  contain  an 
estimate  of  the  red-ore  reserves  in  the  district.  This  detailed  report 
has  been  completed,  and  it  is  expected  that  it  will  be  published  some 
time  after  July  1,  1908.  The  above-mentioned  estimate  of  ore  re- 
serves has  been  prepared  by  the  writer  and  included  in  the  text  of  the 
detailed  report,  but  for  the  sake  of  more  prompt  publication  it  is  given 
here,  necessarily,  however,  without  the  mass  of  data,  comprising 
measurements  of  thickness  and  extent  of  ore  seams,  and  the  chemical 
analyses  and  other  experimental  results  on  which  the  calculations  are 
based. 

By  the  Birmingham  district  is  meant  the  area  from  which  the  fur- 
naces at  Birmingham,  Ensley,  and  Bessemer  derive  their  iron  ores, 
and  it  is  practically  coextensive  with  Birmingham  Valley,  the  heart  of 
the  Alabama  red-ore  field.  This  valley  extends  from  the  vicinity  of 
Springville,  on  the  northeast,  beyond  Vance  on  the  southwest,  and 
from  the  Warrior  coal  field,  or  Sand  Mountain,  on  the  northwest,  to 
the  Cahaba  coal  field,  or  Shades  Mountain,  on  the  southeast.  To  the 
southwest  the  inclosing  ridges  pass  below  unconsolidated  Cretaceous 
and  Tertiary  clays  and  sands,  so  that  the  iron-bearing  rocks  are 
deeply  buried.  Birmingham  Valley  therefore  has  a  length  of  nearly 
75  miles,  an  average  width  of  more  than  6  miles,  and  an  area  of  450  to 
500  square  miles. 

The  red  ores  occur  in  the  Clinton  (Rockwood)  formation,  which 
consists  of  shale,  sandstone,  iron  ore,  and  a  little  ferruginous  lime- 
stone. This  formation  extends  in  a  northeast-southwest  direction  on 
both  sides  of  the  valley,  dipping  away  from  it  on  each  side,  and  there 
are  a  few  small  areas  or  strips  within  the  valley,  principally  in  its 


a  Burchard,  E.  F.,  The  Clinton  or  red  ores  of  the  Birmingham  district,  Alabama:  Bull.  U.  S.  Geol.  Sur- 
vey No.  316,  1907,  p.  150. 
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southwestern  portion,  but  only  in  Red  Mountain  has  the  ore  been 
found  of  sufficient  thickness  and  purity  to  be  worked  on  an  important 
scale.  The  geologic  relations  of  the  rocks  and  ores  have  been  described 
in  the  paper  previously  mentioned.  ^ 

DIVISIONS  OF  THE  DISTRICT. 

Owing  to  the  considerable  extent  of  Birmingham  Valley,  to  the 
distribution  of  the  ore  beds  along  the  margins  and  at  the  ends  of  the 
valley,  and  to  the  variation  in  the  character  of  the  ore  from  place  to 
place,  the  district  has  been  divided,  for  convenience  of  description  in 
the  complete  paper,  into  seven  parts.  The  order  of  the  divisions 
from  A  to  G  represents  in  a  general  way  their  commercial  importance, 
based  on  quality  of  ore,  quantity  of  ore,  structure  of  ore  beds,  accessi- 
biHty,  and  distance  from  smelters.  It  should  be  understood,  how- 
ever, that  this  outline  of  divisions  is  not  intended  as  a  definite  esti- 
mation or  appraisal  of  relative  values.  Such  facts  as  were  obtained 
in  the  field  study  of  the  district  will  be  presented  in  the  later  report, 
so  that  interested  persons  may  draw  their  own  conclusions  therefrom. 

Division  A  includes  that  part  of  Red  Mountain  which  extends  from 
Morrow  Gap,  in  sec.  32,  T.  16  S.,  R.  1  W.,  southwestward  to  Sparks 
Gap,  in  sec.  32,  T.  19  S.,  R.  4  W.,  a  distance  of  about  26  miles.  This 
is  the  only  portion  of  the  district  considered  in  the  present  paper, 
and  its  outline  is  shown  in  fig.  19. 

All  but  two  of  the  productive  mines  of  the  district  are  in  this  strip 
of  Red  Mountain.  In  all  there  were  30  workings  in  operation  in 
1906,  including  'slopes,  open  cuts,  and  combination  mines.  These 
mines  are  served  by  the  Birmingham  Mineral  Division  of  the  Louis- 
ville and  Nashville  Railroad,  which  is  built  along  the  slope  of  the 
ridge  100  to  350  feet  below  the  summit.  The  railroad  runs  first  on 
one  side  of  the  mountain,  then  on  the  other,  threading  its  way  back 
and  forth  through  several  natural  passageways,  such  as  Sadlers  Gap, 
Lone  Pine  Gap,  Walker  Gap,  and  Readers  Gap.  From  Readers  Gap 
it  runs  into  Bessemer,  with  a  spur  extending  southwestward  along 
the  ridge  to  the  Potter  slopes.  Some  mines,  especially  those  in  that 
part  of  the  mountain  where  the  railroad  passes  along  the  west  side, 
are  so  situated  that  their  tipples  can  be  built  directly  on  a  siding. 
Others,  facing  the  east,  have  built  spurs  reaching  back  into  lateral 
ravines.  Through  Red  Gap,  between  Irondale  and  Gate  City,  five 
railroads  enter  Birmingham  from  the  east  and  north;  at  Graces  Gap 
the  Louisville  and  Nashville  Railroad  passes  southward  across  the 
Cahaba  coal  field  to  the  Gulf,  and  at  Sparks  Gap  the  Southern  Rail- 
way finds  an  outlet  southeastward.  This  portion  of  the  district  is 
therefore  well  supplied  with  transportation  lines  and  consequently 
its  development  has  been  facilitated. 

a  Burchard,  E.  F.,  op.  cit.,  pp.  132-146. 
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In  July,  1906,  the  deepest  slope  in  Red  Mountain  was  reported  to 
be  more  than  1,800  feet  long.  Three  other  slopes  have  been  driven 
for  nearly  1,800  feet  each,  and  there  were  twelve  slopes  between  900 
and  1,500  feet  long.  All  the  slopes  900  feet  or  more  in  length  are  in 
the  strip  of  mountain  southwest  of  Birmingham.  The  newer  mines 
at  the  extremities  of  the  district  have  slopes  ranging  between  260 
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?JQ.  19.— Sketch  map  of  main  portion  of  Birmingham  iron-ore  district,  Alabama,  showing  sub- 
divisions on  which  are  based  estimates  of  iron  ore  reserves. 

and  800  feet  in  length.  The  deepest  slope  goes  down  on  beds  whose 
average  dip  is  about  22°,  so  that  its  present  depth  is  about  650  feet 
below  the  level  of  the  valley  at  a  point  directly  above  the  bottom  of 
the  slope.  Projected  at  the  same  angle  to  a  point  directly  below 
Little  Shades  Creek  the  slope  would  have  a  length  of  about  6,400  feet 
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and  a  depth  below  the  creek  of  1,800  feet.  It  is  not  known  whether 
the  ore  extends  with  an  unchanged  dip  and  thickness  to  this  depth. 
Drill  records  obtained  farther  south  in  Shades  Valley  indicate  that 
the  ore  beds  with  their  associated  strata  flatten  out  and  locally  rise 
toward  the  surface.  The  surface  rocks  in  the  valley  indicate  irregu- 
larities in  structure,  including  faulting,  which  would  naturally  be 
shared  by  the  beds  below. 

No  great  deterioration  in  either  quality  or  thickness  of  the  hard 
ore  in  the  direction  of  the  dip  has  yet  been  disclosed  by  the  deeper 
slopes — an  encouraging  fact  in  so  far  as  it  can  be  used  as  a  measure 
of  the  ore  ahead  of  shorter  slopes.  At  one  of  the  larger  mines,  cen- 
trally located,  systematic  analyses  have  been  made  of  the  ore  at 
intervals  of  a  few  feet  from  the  outcrop  to  the  bottom  of  the  slope 
and  throughout  the  extent  of  each  entry  to  the  right  and  left  of  the 
slope.  The  composition  of  the  ore  has  been  found  to  vary  appre- 
ciably from  place  to  place  and  the  degree  of  variation  is  likely  to  be 
as  great  within  a  few  yards  as  it  is  between  remote  parts  of  the  mine, 
but  the  average  run  of  the  hard  ore  in  the  mine  is  remarkably  regular. 
The  facts  brought  out  by  this  series  of  analyses  show  that  the  content 
of  metalUc  iron  increases  about  1  per  cent  for  each  1,000  feet  below 
the  upper  limit  of  the  hard  ore,  that  the  lime  (CaO)  decreases  about 
1  per  cent  in  the  same  distance,  and  that  the  siUca  content  increases 
a  trifle.  Slightly  different  facts  are  shown,  however,  by  a  series  of 
analyses  of  ore  from  a  mine  also  on  the  Big  seam,  northeast  of  Bir- 
mingham, and  distant  about  18  miles  from  the  mine  just  mentioned. 
Here  the  lime  is  increasing  slightly  with  the  depth,  while  the  insoluble 
material  as  well  as  the  iron  is  decreasing  slowly.  This  change  can  be 
accounted  for,  in  all  probability,  by  the  fact  that  the  iron  ore  here  is 
still  being  mined  from  the  zone  of  transition  from  soft  to  hard  ore 
and  that  the  completely  hard  ore  has  not  yet  been  reached. 

Studies  by  members  of  the  Alabama  Geological  Survey  extending 
over  many  years  have  shown  that  the  Clinton  (Rockwood)  forma- 
tion tends  to  thin  out  and  become  sandier  toward  the  southeast. 
There  is  no  reason  why  this  change  should  not  be  shared  proportion- 
ately by  the  inclosed  ore  beds,  and  it  is  beUeved  that  the  drill  records 
just  referred  to  indicate  that  such  is  the  case.  However,  the  com- 
plete drill  records  available  from  the  valley  east  of  Red  Mountain  are 
so  few  that  reliable  conclusions  can  be  based  on  them  only  regarding 
that  part  of  the  ore  basin  which  lies  in  the  southern  third  of  the  dis- 
trict. Ore  can,  perhaps,  be  expected  to  underUe  the  valley  south- 
east of  Red  Mountain,  probably  as  far  as  Shades  Mountain.  The 
width  of  Shades  Valley  is  a  rough  indication  of  the  relative  extent  of 
the  Red  Mountain  ore  toward  the  southeast,  and  the  width  of  the 
valley  is  sensibly  greater  southwest  than  it  is  northeast  of  Readers 
Gap. 
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ORIGIN  OF  THE  CLilXTON  ORE  AN1>  IT8  BEARING  ON  ORE 

SUPPL.Y.a 

The  answer  to  the  question  as  to  how  the  ores  were  formed  has  a 
very  practical  bearing  on  the  extent  and  quantity  of  unexploited  ore. 
Several  theories  have  been  advanced  to  explain  its  formation  and 
three  of  these  have  received  attention  from  persons  who  have  con- 
sidered the  subject.  Briefly  the  processes  may  be  outUned  as  fol- 
lows: 

1.  Original  deposition:  The  ores  were  formed  at  the  same  time  as 
the  rocks  with  which  they  are  associated. 

2.  Residual  concentration:  The  ore  beds  represent  the  weathered 
outcrops  of  ferruginous  limestones,  from  which  the  lime  and  other 
soluble  matter  have  been  leached. 

3.  Replacement:  The  ores  have  been  formed  by  the  replacement 
of  beds  of  limestone  by  iron-bearing  waters,  and  are  therefore  of 
much  later  origin  than  their  inclosing  rocks. 

If  the  ore  beds  are  due  to  replacement  or  to  surface  decay  of  lime- 
stone beds  they  can  be  expected  to  decrease  in  value  regularly  and 
at  a  fairly  rapid  rate  with  distance  from  the  outcrop,  until  the  beds 
consist  entirely  of  limestone.  Moreover,  this  condition  should  be 
encountered  within  distances  less  than  the  lengths  of  some  present 
mine  slopes. 

If,  however,  the  ores  originated  with  their  inclosing  rocks,  no  regu- 
lar decrease  in  richness  is  to  be  expected  as  the  beds  are  exploited 
deeper  beyond  the  limit  of  soft  or  leached  ore.  Areas  of  low-grade 
ore  or  even  barren  rock  may  be  struck,  but  such  areas  are  the  result 
of  original  deposition,  and  a  mine  slope  may  pass  onward  through 
such  a  patch  of  lean  ore  or  rock  into  ore  of  good  grade.  Finally,  the 
ore  bed  may  be  expected  to  thin  and  disappear  or  to  spUt  and  become 
shaly,  and  in  this  way  to  so  deteriorate  as  to  become  unprofitable  to 
work,  but  unless  structural  complications  render  it  unworkable  the 
ore  should  continue  down  the  dip  of  Red  Mountain  well  toward 
Shades  Mountain. 

It  may  be  stated  that  all  the  new  facts  observed  in  the  course  of 
the  work  in  the  Birmingham  district  are  in  accordance  with  the 
hypothesis  that  the  ore  is  the  result  of  original  deposition  of  ferrugi- 
nous sediments.  The  transition,  vertically,  between  sandstone  and 
ore  or  between  shale  and  ore  is  as  sharp  as  that  between  coal  and  its 
inclosing  rocks.  The  variation  in  composition  of  an  ore  bed  from 
place  to  place  is  not  unlike  the  local  changes  in  composition  and 
character  of  a  coal  bed.  The  lenslike  form  of  the  beds  is  common  to 
both  coal  and  ore.  Finally,  as  the  lens  thins,  whether  of  coal  or  of 
ore,  it  tends  to  become  shaly  and  siliceous  rather  than  calcareous. 
That  the  ore  is  due  entirely  to  the  replacement  of  hmestone  seems 


a  This  subject  is  discussed  much  more  fully  by  Mr.  E.  C.  Eckel  in  the  complete  report. 
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hardly  possible  when  it  is  considered  that  instead  of  a  marked  decrease 
in  percentage  of  iron  and  an  increase  in  that  of  Ume,  with  depth,  until 
the  bed  becomes  a  Umestone,  very  little  tendency  toward  that  condi- 
tion has  been  noted.  The  Ume  in  the  bed  is  perhaps  an  accessory 
deposit,  as  is  the  silica.  The  term  ^Mepth''  in  this  connection  may 
be  subject  to  misconception,  for  the  sediments  were  deposited  in  a 
horizontal  position,  or  neariy  so,  and  their  present  attitudes  are  the 
result  of  subsequent  foldings.  The  depth  to  which  the  beds  now 
extend  is  therefore  incidental,  and  in  no  way  affects  their  character 
beyond  the  soft-ore  Umit.  Indeed,  the  best  criterion  for  judging  the 
character  of  the  unexploited  ore  beds  in  the  direction  of  their  dip,  or 
in  the  basin  southeast  of  Red  Mountain,  is  the  strike  section  of  the 
same  beds  that  has  been  afforded  by  the  mine  workings.  From  north- 
west to  southeast  there  are  likely  to  occur  changes  similar  in  nature 
to  those  that  are  known  to  take  place  from  northeast  to  southwest, 
although  the  changes  will  probably  be  found  to  be  more  abrupt,  for 
the  reason  that  the  former  direction  is  toward  the  shore  of  the  water 
body  in  which  the  sediments  were  deposited,  whereas  the  latter  is 
parallel  to  this  shore.  Keeping  all  these  possibilities  in  mind  and 
using  such  data  as  are  suggested  below,  the  geologist  or  the  engineer 
should  be  able  to  make  a  fairiy  close  estimate  of  the  tonnage  of  the 
red-ore  reserves  in  the  district,  or  in  any  portion  of  it. 

3IETHOB  OF  MAKING  ESTIMATES. 

First,  the  area  should  be  divided  into  parts  in  somewhat  the  man- 
ner outhned  on  page  309.  Then  each  division  should  be  subdivided 
again  and  again  until  areal  units  are  obtained  iik  which  the  cubical 
contents  of  the  ore  can  be  calculated  with  not  more  than  10  per  cent 
of  error.  The  percentage  of  recoverable  ore  should  enter  into  the 
calculations,  as  well  as  the  specific  gravity  of  hard  ore  carrying  not 
more  than  the  average  percentage  of  metallic  iron. 

THE  ORE  RESERVES  IN  DIVISION  A. 

It  has  been  stated  that  red  ore  might  be  expected  to  underUe  the 
valley  southeast  of  Red  Mountain  probably  as  far  as  Shades  Moun- 
tain, and  there  are  indications  that  it  extends  still  farther,  as  a  thin 
ore  seam  is  brought  to  the  surface  by  faults  east  of  Cahaba  River.  It 
is  hardly  probable,  however,  that  the  ore  continues  with  workable 
thickness  beyond  the  line  of  Shades  Mountain,  and  it  is  not  likeiy  that 
it  continues  workable  that  far  toward  the  southeast,  to  judge  from 
the  thinness  of  the  seam  where  it  is  faulted  up,  and  from  drill  records 
in  Shades  Valley.  The  lenslike  character  of  the  ore  beds  and  the 
thinning  and  other  changes  in  the  beds  that  take  place  more  abruptly 
at  right  angles  to  the  ancient  shore  line  than  parallel  to  it  make  it 
reasonable  to  assume  that  at  a  certain  distance  from  the  outcrop  the 
ore  bed  will  naturally  become  so  thin  as  to  be  negligible.     Structural 
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conditions  indicate  that  this  line,  which  contains  what  may  be  called 
the  ''vanishing  poinf  of  the  ore,  lies  below  Shades  Mountain,  the 
border  of  the  heavy  cover  of  coal  measures  to  the  southeast.  As 
there  are  several  seams  of  ore,  this  maximum  distance  naturally 
appUes  to  the  largest  and  most  persistent  bed,  viz,  the  Big  seam.  The 
other,  smaller  seams,  such  as  the  Ida  and  the  Irondale,  probably  would 
not  continue  so  far,  to  judge  from  their  extent  and  the  relations  exhib- 
ited along  their  strike.  If  there  is  a  vanishing  point,  or  a  point 
beyond  which  the  ore  continues  only  a  few  inches  in  thickness,  it  will 
not  be  practicable  to  mine  the  ore  as  far  as  this  point,  and  the  limit 
to  which  it  will  pay  to  drive  slopes  will  be  determined  by  the  minimum 
thickness  at  which  the  ore  can  be  mined  with  profit.  In  using  these 
factors,  some  of  which  are  to  a  certain  extent  hypothetical,  as  a  basis 
for  estimating  the  tonnage  of  ore  still  in  the  ground  in  Division  A,  it 
is  also  necessary  to  assume  that  there  is  a  fairly  regular  decrease  in 
thickness  of  the  seams  from  their  outcrop  to  the  vanishing  point,  and 
that  therefore  they  form  long,  wedge-shaped  bodies,  the  thick  end  of 
the  wedge  lying  along  the  outcrop  on  Red  Mountain,  and  the  thin  end, 
somewhat  less  regular  in  outline,  lying  below  the  crest  of  Shades 
Mountain,  with  the  Umit  of  workability  following  a  northeast- 
southwest  line  intermediate  between  the  two  extremes. 

An  estimate  of  the  ore  reserves  in  Division  A  has  been  made  in 
connection  with  the  study  of  this  subject,  but  the  fact  is  here  empha- 
sized that  while  many  more  details  have  been  considered  than  there  is 
space  to  enumerate  here  or  necessity  for  describing  at  present,  the 
estimate  must  be  regarded  as  only  approximate.  The  tonnage  of  ore 
that  should  be  containecl  under  the  assumed  conditions,  first  in  the 
Irondale  seam,  from  Morrow  Gap  to  Clifton  Gap,  and  second  in  the 
Big  seam,  from  Morrow  Gap  to  Sparks  Gap,  has  been  computed. 
From  the  sum  of  these  estimated  quantities  is  subtracted  the  total 
tonnage  of  red  ore  that  has  been  produced  in  Alabama  from  1880  to 
1907,  inclusive.  In  making  this  estimate.  Division  A  is  subdivided 
into  eight  parts,  in  two  of  which  the  Irondale  seam  is  considered  of 
suillcient  importance  to  be  regarded  as  a  source  of  future  ore  supplies. 
These  eight  units  of  area  (see  fig.  19),  whose  ore-bearing  strata  outcrop 
along  Red  Mountain,  are  as  follows:  (1)  From  Morrow  Gap  to  and 
including  the  Olivia  mine  (Irondale  seam);  (2)  Bald  Eagle  to 
Chfton  Gap  (Irondale  seam) ;  (3)  Bald  Eagle  to  Lone  Pine  Gap  (Big 
seam,  upper  bench);  (4)  Lone  Pine  Gap  to  Graces  Gap  (Big  seam, 
upper  bench);  (5)  Graces  Gap  to  a  point  beyond  Ishkoodo  (Big 
seam,  upper  bench) ;  (6)  Ishkoodo  to  Tennessee  Coal,  Iron  and  Rail- 
road Company's  slope  No.  10  (Big  seam,  upper  bench) ;  (7)  Tennessee 
Coal,  Iron  and  Railroad  Company's  slope  No.  10  to  middle  of  Wood- 
ward Iron  Company's  property  (Big  seam,  upper  bench) ;  (8)  middle 
of  Woodward  Iron  Company's  property  to  Sparks  Gap  (Big  seam, 
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upper  bench).  The  estimate  is  considered  to  be  conservative  for  the 
following  reasons:  (1)  No  account  has  been  taken  of  any  possible 
available  ore  except  that  in  Red  Mountain;  (2)  no  ore  seams  besides 
the  upper  bench  of  the  Big  seam  and  the  Irondale  seam  have  been 
considered;  (3)  only  such  portions  of  the  outcrop  of  these  seams  have 
been  considered  as  are  known  to  be  workable,  and  wherever  the  seams 
are  faulted  out  or  badly  broken  up,  such  portions  are  not  included  in 
the  area  on  which  estimates  are  based;  (4)  the  percentage  of  recov- 
erable ore  has  apparently  been  placed  low  enough  to  be  on  the  safe 
side;  (5)  conservative  figures  have  been  used  as  representing  the 
average  workable  thicknesses  at  the  outcrop  and  the  minimum  worka- 
ble thickness,  as  under  favorable  conditions  the  former  may  be 
considerably  greater  and  the  latter  may  be  less;  (6)  the  percentage  of 
the  metaUic  iron  used  as  a  factor  in  determining  the  specific  gravity  of 
the  hard  ore  has  been  taken  with  a  view  to  the  possible  reduction 
rather  than  increase  of  iron  content  with  depth;  (7)  in  deducting  the 
tonnage  of  red  ore  already  produced  the  total  red  ore  for  the  State  has 
been  taken,  which  is  greater  than  that  produced  by  the  Birmingham 
district,  and  consequently  in  excess  of  that  produced  by  this  area,  the 
main  portion  of  the  Birmingham  district.  In  regard  to  this  last  factor 
it  should  be  stated  that  the  excess  is  not  great,  however,  for  the  Bir- 
mingham district  has  produced  almost  90  per  cent  of  the  red  ore  of 
the  State,  and  Red  Mountain  between  Morrow  Gap  and  Sparks  Gap 
has  produced  between  97  and  98  per  cent  of  the  red  ore  of  the  district. 
In  obtaining  the  specific  gravity  of  the  hard  ore  in  relation  to  its 
content  of  metallic  iron,  use  has  been  made  of  the  laboratory  determi- 
nations of  Mr.  R.  T.  Pittman,  chief  chemist  of  the  Sloss-Shefiield 
Steel  and  Iron  Company  at  Birmingham.  The  experiments  con- 
sisted of  grinding  lumps  of  ore  down  to  cubes  1  inch  on  an  edge, 
determining  the  specific  gravity  of  each  by  displacement  of  water, 
and  afterwards  analyzing  the  ore  thus  treated.  The  results  of  certain 
of  these  tests  and  analyses  are  as  follows: 

Specific  gravity  tests  and  analyses  of  calcareous  hematite.<^ 


Weight  in 
air  of  1 

cubic  foot 
of  ore 

(pounds). 

Specific 
gravity. 

Analyses. 

Sample  No. 

Fe. 

Insoluble. 

CaO. 

1 : 

213.47 
215.97 
219.23 
220.71 

3.42 
3.46 
3.50 
3.53 

.%.25 
37.05 
37.60 
38.05 

13.80 
12.40 
11.42 
10.60 

17.98 

2 

18.14 

3 

17.43 

4 

17.62 

Average 

217.35 

3.48 

37.24 

12.05 

17.78 

a  Experiments  by  R.  T.  Pittman,  Birmingham,  Ala. 

If  we  assume,  then,  that  the  ore  in  a  certain  seam  within  a  given 
area  forms  a  fairly  regular  prism,  the  base  and  altitude  of  which  may 
be  measured,  and  that  the  minable  ore  of  this  seam  constitute;^^  %i 
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truncated  portion  of  this  prism,  the  cubic  contents  of  this  truncated 

prism  of  minable  ore  may  be  calculated  conveniently  by  substituting 

in  a  formula  the  values  of  the  average  thickness,  length,  and  width 

of  the  truncated  prism  of  ore.     From  this  result  (in  cubic  feet)  may 

be  deduced  in  the  same  operation  the  tonnage  of  ore  of  a  definite 

grade  by  use  of  the  factors,  percentage  of  recoverable  ore  and  sjyecific 

gravity,  based  on  the  average  percentage  of  metallic  iron  in  the  hard 

ore.     Multiplying  by  62.5,  the  weight  in  pounds  of  a  cubic  foot  of 

water,  will  give  the  pounds  of  ore,  which  can  then  be  reduced  to  long 

tons  by  dividing  by  2240. 

Therefore,  to  establish  a  general  formula  for  calculating  the  ore 

content  for  a  given  ore  seam  in  a  given  area,  let — 

L  =Length  of  outcrop. 

V  =  Average  distance  of  ^ Vanishing  point"  from  outcrop. 

T  =  Average  thickness  of  ore  seam  at  outcrop. 

t  =Minimum  thickness  to  which  ore  may  be  worked. 

D  =  Distance  from  outcrop  at  which  thickness  of  ore  seam 

becomes  t,  or  maximum  distance  practicable  to  drive 

slopes. 

R  =Per  cent  of  recoverable  ore. 

C=  Average  per  cent  metallic  iron  in  hard  ore. 

G  =Specific  gravity  of  ore  based  on  value  of  C. 

Then  to  obtain  the  value  of  D  in  terms  of  the  known  quantities  T,  t, 

T  V  — t  V 
and  V,  T:V::t:V — D,  whence  D  = rp and  the  total  tonnage  is 


On  applying  this  formula  to  the  area 


J(T+t) X L  XD  XR  XG  X62.5 

2240 

included  in  Division  A,  we  obtain  the  result  given  in  the  following 
table : 


EstiTnated  ore  reserves  in  main  portion  of  Binninghain  district. 


Subdivision.'! 


Feet.       Feet.       Feet.       Feet. 


1 II, 0(10  a.fXlt}  J,72() 

2 1  j"j,aio  o.KJ^)  v. 000 

3 :.M:\iKi  KMl^Xt  ^.000 

4 1  10,,jH>  r.MXX)  7  300 

6 10,<KK»  12,ai0  ij,750 

6 flJJOO  13.{K)0  7,167 

7 12,<100  lfi,6W}  ^,m' 

8 29,500  24,000  9.500 


4.54 
4.24 

8.5 

9 

8 

7.8 

8.23 


t 

R 

C 

Feet. 

Per  cent. 

Percent. 

3 

80 

32 

3 

80 

35 

3.5 

80 

35 

3.5 

80 

33 

3.5 

80 

34 

3.5 

80 

36 

3.5 

80 

36.6 

5 

60 

36.8 

Total  ore. 


3 

3.27 

3.27 

3.08 

3.17 

3.36 

3.42 

3.44 


Long  tons. 

7,896,804 
16.910,570 

100, 846.  en 

51,755,855 
27,445,981 
18,222,097 
51.835.132 
107.488,381 


Grand  total 382, 401, 491 

Production  1880  to  1907,  inclusive 43, 683, 445 


Total  red-orc  roserves  in  main  portion  of  Birmingham  district 338,718.046 


a  1.  Irondale  seam,  Morrow  Gap  to  point  beyond  Olivia  mine. 

2.  Irondale  seam,  Bald  Eagle  to  Clifton  Gap. 

3.  Big  seam,  upper  bench,  Bald  Eagle  to  Lone  Pine  Gap. 

4.  Big  seam,  upper  bench,  Lone  Pine  Gap  to  Graces  Gap. 

6.  Big  seam,  upper  bench,  Graces  Gap  to  point  beyond  Ishkoodo. 

6.  Big  scam,  upper  bench,  Ishkoodo  to  Tennessee  Company's  mine  No.  10. 

7.  Big  seam,  upper  bench,  Tennessee  Company's  mine  No.  10  to  middle  of  Woodward  property. 

8.  Big  scam,  upper  bench,  Middle  of  Woodward  property  to  Sparks  Gap. 
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It  is  frankly  admitted  that  the  magnitude  of  the  figures  obtained 
by  this  estimate  is  rather  surprising.  When  it  is  considered  that  the 
present  annual  production  of  red  ore  in  Alabama  is  not  greatly  in 
excess  of  3,000,000  long  tons,  and  that  this  production  has  not  in- 
creased rapidly  in  recent  years  and  does  not  promise  to  increase 
rapidly  in  the  near  future,  the  results  of  the  estimate  indicate  that  the 
iron-ore  reserves  in  this  district  will  last  for  seventy-five  to  one 
himdred  years  longer  at  the  present  rate  of  output.  If  the  estimate 
of  the  writer,  340,000,000  long  tons  of  red  ore  in  the  Birmingham 
district  workable  under  present  conditions,  is  compared  with  the 
estimate  of  1,000,000,000  long  tons  of  red  ore  in  reserve  in  the  State 
of  Alabama,  recently  pubUshed  by  E.  C.  Eckel,®  it  would  appear  that 
the  present  estimate  is  fairly  coiisei*vative,  when  it  is  recalled  that  the 
Birmingham  district  probably  contains  90  per  cent  of  the  workable 
red  ore  of  the  State.  In  explanation  of  Mr.  Eckel's  apparently  higher 
estimate  it  should  be  stated  that  nmch  ore  at  present  imworkable  has 
been  included  therein. 

It  should  be  repeated,  in  conclusion,  that  the  present  estimate  is 
based  on  the  belief  that  the  ores  are  the  result  of  original  deposition, 
that  they  occur  in  the  form  of  regular  lens-shaped  bodies,  that  their 
content  of  metallic  iron  does  not  greatly  diminish  from  the  point 
where  the  hard  ores  are  first  encountered  in  the  mine  slopes  to  the 
point  where  the  minimum  workable  thickness  is  reached,  and  finally, 
that  the  structure  remains  fairly  constant  as  indicated  in  the  fore- 
going discussions.  This  last  element,  it  should  be  remembered,  is  one 
of  the  most  uncertain,  and  can  be  rendered  more  certain  only  by 
thorough  and  systematic  prospecting  with  the  drill  between  Red 
Mountain  and  Shades  Mountain.  Unexpected  structural  complica- 
tions and  '^horses"  of  barren  rock  may  greatly  reduce  the  quantity  of 
workable  ore  coimted  on  in  this  estimate.  On  the  other  hand,  in  the 
less  favorably  regarded  divisions  of  the  district  which  are  described 
in  detail  in  the  forthcoming  paper,  there  are  large  reserves  of  ore 
which  have  not  been  included  at  all  in  this  estimate  of  ore  tonnage 
available  in  the  Birmingham  district. 

o  Production  of  iron  ores  and  iron  products  in  1906:  Mineral  Resources  U.  S.  for  1906,  U.  S.  Qeol. 
Survey,  1907,  p.  79. 


THREE  DEPOSITS  OF  IRON  ORE  IN  CUBA. 


By  Arthur  C.  Spencer. 


INTRODUCTION. 

The  Iron  Age  for  August  15,  1907  (vol.  80,  pp.  421-426),  contained 
a  description  of  a  large  deposit  of  iron  ore  in  the  Mayari  district, 
Cuba,  which  has  been  under  development  by  the  Spanish- American 
Iron  Company  since  January,  1904.  The  engineers  of  this  company 
believe  that  the  deposit  contains  more  than  500,000,000  tons  of  ore, 
carrying  above  40  per  cent  of  iron,  and  it  is  pointed  out  that  this 
amount  adds  5  per  cent  to  the  world's  reserve  of  iron  ore,  as  esti- 
mated in  1905  by  the  Swedish  geologist  Tomebohm.  Though  the 
statistical  importance  of  the  deposit  is  considerably  decreased  by  the 
latest  estimate  of  the  iron-ore  reserves  of  the  United  States,  indicate 
ing  that  our  home  supply  is  at  least  10,000,000,000  tons,**  the  indus- 
trial importance  of  this  new  source  of  iron  ore  is  in  no  manner 
affected. 

It  is  stated  in  the  article  referred  to  above  that  explorations  since 
1898  have  revealed  many  iron-ore  deposits  in  various  parts  of  the 
island.  ^'Deposits  of  a  few  tons  were  numerous  and  those  of  a  few 
hundred  thousand  tons  were  perhaps  tliree  in  number.''  Data  pre- 
sented in  the  following  pages  indicate  that  the  word  'thousand"  in 
the  sentence  quoted  should  read  "million,"  so  that,  to  the  uninformed 
reader,  the  paragraph  of  which  the  sentence  quoted  forms  a  part  is 
misleading  in  regard  to  the  prospective  importance  of  Cuba's  mediiun- 
grade  iron-ore  deposits. 

The  Mayari  ores  are  distinct,  both  in  kind  and  in  occurrence,  from 
the  well-known  iron  ores  occurring  in  the  Sierra  Maestra  near  the 
south  coast  of  Oriente  Province,  or  Santiago  de  Cuba  as  it  was  for- 
merly called.  The  Cuban  ©res  which  have  been  mined  up  to  the 
present  time  are  hard  hematites  with  an  admixtm^  of  magnetite, 
containing  rather  high  sulphur  and  a  small  amount  of  copper.  They 
occur  as  large  and  small  irregular  masses  associated  with  a  variety  of 

a  Eckel,  E.  C,  Advjinw  chapter  from  Mineral  Resourws  I*.  S.  for  1906,  U.  8.  G«oI.  Survey,  1907. 
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embedding  rocks,  which  include  hornblende  and  epidote  schist,  mar- 
ble, diorite,  and  porphyry.® 

The  ores  of  the  Mayan  type  are  essentially  hydrous  brown  iron 
ores,  coming  under  the  general  head  of  limonite.  They  occur  in 
blanket  form  as  a  surficial  mantle  covering  massive  serpentine  and 
related  rocks.  Average  analyses  show  a  small  percentage  of  chro- 
mium, rather  high  alumina,  very  low  sulphur,  and  phosphorus  below 
the  Bessemer  limit.  Iron,  ranging  from  30  to  50  per  cent,  is  usually 
above  40  per  cent. 

The  three  ore  fields  to  be  described  pass  under  the  names  Moa; 
Mayan,  and  Cubitas.  The  first  two  are  in  Oriente  Province,  near 
the  north  coast,  and  the  third  is  in  Camaguey  Province  (fonnerly 
Puerto  Principe),  midway  between  Camaguey  City  and  the  north 
coast  of  the  island.     (See  fig.  20.) 


:7r^^< 


Fio.  20.— Sketch  map  of  Camaguey  and  Oriente  provinces,  Cuba.    1,  Iron  mines  in  operation;  2,  aban. 
doned  iron  mines;  3,  copi)er  mines;  4,  manganese  deposits. 

Until  the  announcement  of  the  results  of  explorations  canied  on 
by  the  Spanish- American  Iron  Company  appeared,  the  only  available 
account  of  the  occunence  and  character  of  the  Cuban  iron-ore  deposits 
of  the  Mayari  type  was  a  short  note  contributed  by  the  present  writer 
to  a  report  on  the  mineral  resources  of  Cuba,  which  was  published  in 

a  Kimball,  J.  P.,  Geological  relations  and  genesis  of  the  specular  iron  ores  of  Santiago  de  Cuba:  Am. 
Jour.  Sd.,  3d  ser.,  vol.  28, 1884,  pp.  416-429;  The  iron-ore  range  of  the  Santiago  district  of  Cuba:  Trans. 
Am.  Inat.  Min.  Eng.,  vol.  13, 1885,  pp.  613-<>34. 

Qzaham,  T.  H.,  Sigua  iron  mines,  Cuba:  Iron  Age,  vol.  41,  p.  140. 

Chisholm,  F.  F.,  Iron-ore  beds  in  the  province  of  Santiago,  Cuba:  Proc.  Colorado  Scl.  Soc.,  vol.  3, 1891, 
pp.  259-263. 

Cox,  J.  8.,  Eng.  and  Min.  Jour.,  vol.  Ifi,  pp.  745-758. 

Wedding,  H.,  Stahl  u.  Eisen,  vol.  12,  p.  545;  Iron  Age,  vol.  49,  p.  607. 

8i>enoer,  A.  C,  Eng.  and  Min.  Jour.,  vol.  72,  pp.  63^-634. 
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the  annual  report  of  the  military  governor  of  Cuba  for  the  year  1901.° 
The  following  paragraphs  are  quoted  from  this  report: 

Occupying  the  general  region  between  Nipe  Bay  and  Moa  Bay  and  somewhat  back 
from  the  northern  coast  there  is  a  region  reaching  a  general  elevation  of  from  1,500  to 
2,000  feet,  and  occupied  by  serpentines  and  other  igneous  rocks.  Upon  the  top  of  this 
sierra  there  are  many  large  areas  which  are  practically  level,  and  these  are  always  cov- 
ered by  a  thick  mantle  of  red  clay  which  contains  a  large  proportion  of  iron  ore  in  the 
form  of  spherical  pellets.  Locally  this  material  entirely  replaces  the  clay,  and  the 
separate  particles  are  cemented  together  by  ferruginous  materials,  making  a  spongy 
mass  of  brown  iron  ore.  Similar  occurrences  of  shot  and  massive  ore  were  noted  upon 
the  tops  of  certain  hills  lying  to  the  north  of  the  city  of  Puerto  Principe,  and  following 
the  general  trend  of  the  Sierra  Cubitas.  The  rock  in  this  vicinity  is  also  serpentine, 
and  the  ores  have  identical  characteristics  with  those  of  the  region  mentioned  above. 
Analyses  were  made  from  samples  of  these  residual  ores  collected  near  Rio  Seco  along 
the  trail  between  Mayari  and  San  Luis. 


Moisture 

Iron 

Manganese.. 
Phosphorus. 
SUica. 


52.00 
.364 


2. 62 


Chromium Trace. 

Titanium .25 


a56 

54.69 

.504 

.0189 

2.51 

Present. 


1.  Iron  ore  from  Sierr^  Nipe  near  trail  crossing  of  Rio  Naranjo,  about  10  miles  from  Mayari,  Santiago 
Province. 

2.  Iron  ore  from  Sierra  Nipe  near  Rio  Seco,  Santiago  Province. 

These  residual  ores  are  locally  known  as  "tierra  de  perdigones,"  or  "moco  de 
herrero,"  signifying  shot  soil  and  blacksmith's  waste,  either  of  which  terms  is  a  very 
apt  designation.  Rodriguez  Ferrer  is  authority  for  the  statement  that  hydrated  oxide 
of  iron  in  the  form  of  pellets  in  the  soil  occurs  at  various  points  in  the  island.  The 
following  localities  are  mentioned:  Province  of  Pinar  del  Rio,  between  Consolacion 
del  Sur  and  Candelaria;  Matanzas  Province,  in  the  Sierra  Morena,  between  Cardenas 
and  Sagua  la  Grande;  Loma  Iman,  near  the  city  of  Puerto  Principe;  and  Monte 
Libano  north  of  Guantanamo,  Santiago  Province.  The  amount  of  these  ores  in  vari- 
ous parts  of  the  island  is  certainly  very  large,  and  it  seems  not  improbable  that  they 
may  eventually  find  a  market  in  the  United  States  in  cases  where  they  are  situated 
near  a  sufficient  supply  of  running  water  for  washing  them  free  from  the  clay  with 
which  they  are  mixed. 

IVIAYARI  DISTRICT.  6 

The  Mayari  iron-ore  fields  are  situated  south  of  Nipe  Bay  in  the 
northern  part  of  Oriente,  so  named  because  it  is  the  eastertimost 
province  of  Cuba.  The  ore  deposit  is  a  blanket  formation,  extending 
as  a  practically  unbroken  mantle  over  a  gently  rolUng  elevated 
plateau,  roughly  10  miles  long  and  4  miles  wide;  or,  more  accurately, 
about  27,870  acres  in  extent.  Except  for  a  few  groups  of  hard-wood 
trees  in  moist  situations,  the  ore  field  is  covered  by  pine  forest, 
averaging  about  40  trees  of  medium  size  to  the  acre.  The  direct 
distance  to  the  shipping  point  on  Nipe  Bay  is  about  12  miles,  but 
the  distance  over  the  transportation  route,  including  two  inclines  and 

o  Report  on  a  geological  reconnaissance  of  Cuba  made  under  the  direction  of  Oen.  Leonard  Wood,  mili- 
tary governor,  by  C.  Willard  Hayes,  T.  Wayland  Vaughan,  and  Arthur  C.  Spencer. 
f>  Abstract  of  article  in  Iron  Age,  August  15, 1907. 
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a  railroad,  is  somewhat  more  than  15  miles.  The  seaward  edge  of 
the  plateau  is  about  1,600  feet  above  tide,  from  which  elevation  there 
is  a  gradual  rise  to  2,200  and  2,300  feet.  Two  peaks  of  2,600  and  3,200 
feet  elevation  are  stated  to  have  no  iron  on  their  slopes,  from  which 
it  maybe  inferred  that  ore  does  occur  upon  the  crests.  The  mantle  of 
ore  extends  out  onto  the  ridges  between  the  streams  which  drain  the 
edges  of  the  plateau,  and  the  deposit  stops  only  where  abrupt  de- 
clivities begin. 

The  ore,  which  is  chiefly  earthy,  is  dark  red  near  the  surface  and 
yellow  at  greater  depths.  In  addition  to  this  earthy  ore,  which  forms 
the  great  bulk  of  the  deposit,  from  an  inch  to  a  foot  of  gravelly  ore 
composed  of  particles  Uke  bird  shot  occurs  at  the  surface  of  the 
ground,  and  locally  near  the  sources  of  streams  similar  ore  particles 
cemented  together  form  large  lumps  and  flat-lying  layers  amounting 
in  the  aggregate  to  several  milUon  tons.  The  yellow  clayey  ore  rests 
upon  serpentine  rock  which  is  partly  decomposed  and  locally  soft 
enough  to  be  penetrated  by  augers.  The  ore  is  said  to  be  mainly  a 
limonite,  though  some  analyses  indicate  the  presence  of  hematite  as 
well.® 

The  deposit  was  explored  in  part  by  pits,  but  was  sampled  prin- 
cipally by  means  of  2-inch  augers,  borings  being  spaced  100,  300, 
500,  and  1,000  meters  apart.  During  one  year  the  average  depth  of 
borings  was  nearly  17  feet  and  the  maximum  depth  attained  was  51 
feet.  In  all  3,030  borings  were  made  and  more  than  15,000  analyses. 
Affair  average  depth  of  the  ore  over  18,525  acres  is  15  feet,  which,  at 
20  cubic  feet  to  the  ton,  gives  605,000,000  tons.  It  is  thought  that 
this  figure  may  be  exceeded  when  every  acre  of  the  deposit  has  been 
examined,  and  it  is  regarded  as  certain  that  not  less  than  500,000,000 
tons  of  ore  is  accessible  for  profitable  mining.  With  the  average 
given  and  the  amount  of  ore  at  605,000,000  tons,  the  tonnage  per 
acre  is  34,159.  About  5  per  cent  of  the  borings  were  in  material 
carrying  below  27  per  cent  of  iron  and  correspondingly  high  in  silica 
or  alumina,  or  both.  An  idea  of  the  general  run  of  the  ore  is  pre- 
sented by  the  table  here  given: 

Composite  anatym  of  iron  ore  from  Mayari  district. 

[Dried  at  212*>  F.] 


I  Naml)or 
of  sam- 
ples. 


Fe.... 
SIO,.. 
A1,0,. 
Or.... 
P 


918 
918 


Per  cent. 


46.03 
5.50 

10.33 
1.73 
.015 


a  Some  of  the  ore  pellets  are  attracted  by  a  pocket  magnet  suggesting  that  magnetite  is  also  present. 
My  notes  of  1901  indicate  that  the  accumulations  of  shot  ore  at  th»  surface  have  been  washed  out  of  the 
imderlying  deposit  by  the  action  of  rains,  and  that  to  a  depth  of  several  feet  great  numbers  of  similar 
pellets  are  disseminated  through  the  dark-red  clayey  matrix.— A.  C.  S. 

47076— Bull.  340—08 21 
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In  67  samples  the  hygroscopic  water  averaged  31.63  per  cent  and 
in  37  samples  the  combined  water  averaged  13.62  per  cent.  The 
large  amount  of  hygroscopic  water  and  high  alumina  combine  to 
give  a  clay-like  consistency  to  the  ore,  such  that  in  shafts  which  have 
stood  two  years  every  pick  mark  is  still  visible. 

The  uniformity  of  the  deposit  is  shown  by  a  table  indicating  that 
94  per  cent  of  the  material  is  workable  ore: 

Percentages  of  iron  in  Mayari  iron  ore. 

Per  cent. 

10  to  20  per  cent  of  iron 4 

20  to  30  per  cent  of  iron 2 

30  to  40  per  cent  of  iron 6 

40  to  43  per  cent  of  iron 6 

Above  43  per  cent  of  iron 82 

100 

The  occurrence  and  nature  of  the  ore  are  favorable  for  steam- 
shovel  mining,  but  because  of  its  sticky  character  it  has  been  necessary 
to  design  a  special  form  of  car  to  insure  ready  dumping.  The  presence 
of  45  per  cent  of  moisture  also  makes  drying  indispensable  to  avoid 
import  duty  and  freight  charges  on  so  much  water,  and  the  ore  will 
have  to  be  clinkered  to  make  it  physically  suitable  for  use  in  the  blast 
furnace. 

The  company  plans  the  production  of  2,500  tons  of  dry  ore  per  day, 
but  will  install  a  plant  capable  of  handling  a  very  much  larger  tonnage. 
No  description  of  the  drying  plant  or  details  of  mining  methods  are 
given.  As  Cuba  is  deficient  in  mineral  fuel,  it  will  be  necessary  to 
import  coal  for  the  calciners. 

MOA  DISTRICT. 

The  Moa  iron-ore  fields  are  contiguous  to  the  protected  deep-water 
harbor  of  Moa  Bay,  on  the  north  coast  of  Oriente  Province,  about  50 
miles  east  of  Nipe  Bay.  The  deposit  is  very  much  like  the  one  at 
Mayari,  but  its  situation  makes  it  more  easily  accessible  for  Tnining 
and  ocean  transportation. 

The  Moa  district  lies  upon  the  northern  and  seaward  slope  of  the 
group  of  mountains  which,  with  several  other  groups,  enter  into  the 
make-up  of  a  general  range  extending  from  the  I^ayari  district  south 
of  Nipe  Bay  to  the  east  end  of  Cuba  and  there  merging  with  the  moun- 
tains which  border  the  south  coast  of  Oriente  Province.  The  general 
summit  elevations  of  these  northern  mountains  may  be  estimated  at 
2,000  to  2,500  or  perhaps  3,000  feet.  In  the  Moa  country  the  highest 
summits  are  roughly  about  2,500  feet,  and  it  is  probable  that  the 
northward-flowing  streams  of  the  district  all  rise  within  10  to  15 
miles  of  the  coast.     Looting  toward  the  Moa  Mountains  from  the  sea 
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one  notes  a  gradual  rise  of  the  land  from  the  shores  of  Moa  Bay,  and 
sees  that  the  valleys  of  the  larger  streams  are  shallow  and  narrow  at 
their  mouths  and  that  they  gradually  widen  and  deepen  upstream. 
A  traverse  of  the  region  bears  out  this  first  impression,  and  between 
each  river  broad,  smooth  surfaces  are  found  to  rise  from  the  water's 
edge  toward  the  interior  with  an  average  grade  of  250  feet  to  the  mile. 
These  interstream  areas  extend  from  &  to  8  miles  back  from  the  coast, 
and  upon  them  the  ore  deposits  occur  in  the  form  of  a  surface  mantle. 

The  district  is  well  watered  and  at  the  same  time  mostly  well 
drained.  Pine  forest  covers  the  greater  part  of  the  ore  groimd,  the 
trees  being  more  thickly  set  and  on  the  average  somewhat  larger 
than  in  the  Mayari  district.  Hard-wood  forest  and  thick  jungle  is 
encountered  everywhere  along  the  watercourses  and  in  moist  patches 
on  the  upland  surface. 

The  whole  district  appears  to  be  imderlain  by  serpentine,  for  no 
other  rock  is  foimd  either  on  the  slopes  of  the  river  valleys  or  in  the 
stream  gravels,  part  of  which  must  have  been  derived  from  the  dis- 
tant moimtains.  The  country  is  dissected  by  river  courses  in  such 
a  manner  as  to  exhibit  the  relations  of  the  iron  ore  and  the  bed  rock 
in  many  places.  The  typical  occurrence  is  as  follows:  At  the  surface 
there  is  several  feet  of  red  clay  containing  from  50  to  75  per  cent  by 
weight  of  brown  iron  ore  in  the  form  of  roimd  pellets  from  a  minute 
size  up  to  that  of  a  buckshot  or  a  cherry.  Beneath  the  shot  ore  is  a 
more  or  less  continuous  layer  of  spongy  brown  ore  which  is  usually 
seen  to  be  composed  of  similar  round  pellets  boimd  together  by  a  fer- 
ruginous cement.  Below  the  solid  layer  lies  yellow  clay,  in  places 
containing  scales  and  irregular  concretions  of  brown  ore.  It  will  be 
noted  that  the  above  description  corresponds  in  a  general  way  with 
that  of  the  Mayari  deposit.  The  thickness,  of  the  diflFerent  layers 
named  varies  from  place  to  place  and  locally  any  one,  any  pair,  or  all 
of  the  layers  may  be  missing. 

The  mantle  of  ore  is  a  prominent  feature  within  an  area  of  about  60 
square  miles,  being  practically  continuous,  except  where  it  has  been 
cut  out  by  erosion  along  the  stream  valleys.  It  can  hardly  be  doubted 
that  the  deposit  was  formerly  not  only  actually  continuous  within  the 
present  field  of  its  occurrence,  but  also  of  considerably  greater  extent. 

The  60  square  miles  referred  to  has  been  fully  explored,  and  all  of  it 
has  been  denounced  or  claimed  by  diflFerent  parties.  It  is  roughly 
estimated  that  60  per  cent  of  the  area  taken  up,  or  about  36  square 
miles,  will  aflFord  ore  of  minable  grade  and  quantity.  The  ratio  of 
barren  groimd  to  ore  ground  becomes  less  and  less  as  one  proceeds 
from  the  moimtains  toward  the  coast,  the  most  nearly  continuous 
deposits  occurring  in  a  strip  of  country  2  or  3  miles  wide  adjacent  to 
the  bay,  where  the  river  valleys  are  both  shallow  and  narrow. 
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A  considerable  part  of  the  field  lias  been  systematically  prospected 
by  the  Spanish-American  Iron  Company,  but  other  owners  have  not 
yet  adequately  explored  their  holdings.  Though  the  writer's  exami- 
nation of  the  field  was  too  cursory  to  form  the  basis  of  a  trustworthy 
estimate  of  tonnage,  it  is  thought  that  the  amoimt  of  ore  per  unit  area 
is  likely  to  exceed  that  of  the  Mayari  field,  provided  the  yellow  clay  at 
Moa  shows  the  same  high  iron  content  as  that  at  Mayari.  The  thick- 
ness of  the  shot  ore  was  seen  to  range  from  a  few  inches  up  to  20  feet; 
that  of  the  layer  ore  up  to  12  feet;  and  the  yellow  clay  is  locally  more 
than  50  feet  thick. 

Taking  the  area  of  workable  ore  as  36  square  miles,  and,  as  at 
Mayari,  taking  the  average  depth  as  only  15  feet  and  allowing  20  cubic 
feet  of  material  per  ton  of  dried  ore,  we  get  752,000,000  tons  for  a  first 
approximation  of  the  available  tonnage  of  iron  ore  in  the  Moa  field. 
The  shot  and  layer  ore  from  Moa,  when  dried  at  212°  F.,  give  practi- 
cally the  same  analysis  as  the  Mayari  ore.     (See  composite  analysis, 

p.  321.) 

CUBITAS  DISTRICT. 

The  Cubitas  iron-ore  fields  are  situated  from  12  to  15  miles  north 
of  Camaguey  City,  in  the  province  of  Camaguey.  The  port  of 
Nuevitas,  on  the  north  coast,  lies  about  40  miles  northeast  of  the 
district,  which  is  as  yet  without  transportation  facilities.  Within 
an  area  measuring  roughly  10  miles  east  and  west  and  4  miles  north 
and  south,  there  are  several  flat-topped  mesas  rising  300  to  400  feet 
above  the  general  level  of  an  almost  featureless  plain  which  extends 
for  many  miles  in  all  directions  except  toward  the  north.  Two  or 
three  miles  north  of  the  ore  fields  there  is  a  narrow  range  of  rugged 
limestone  mountains,  known  as  the  Sierra  Cubitas. 

The  ore  deposits  are  all  surface  mantles  covering  the  plateau-like 
mesas.  Shot  ore  in  the  red  clay  matrix  and  brown  spongy  layer 
ore  are  exposed  in  many  places,  and  as  at  Moa  where  both  are  pres- 
ent the  layer  ore  is  invariably  beneath  the  shot  ore.  Observations 
made  in  several  separated  localities  indicate  that  the  two  varieties 
of  ore  are  together  at  least  10  feet  tliick  over  much  of  the  ore  ground. 
It  is  probable  that  yellow  clay  exists  beneath  the  brown  ore,  though 
no  exposures  of  tliis  material  were  noted  by  the  writer  during  his 
short  examination  of  the  deposits.  The  observations  on  which  the 
present  notes  are  based  were  so  casual  that  no  trustworthy  estimate 
can  be  given  of  the  areal  extent  of  the  deposits.  It  is  thought,  ' 
however,  that  there  must  be  at  least  6,000  acres  of  the  ore  ground 
and  that  at  least  150,000,000  tons  of  ore  exists  within  the  field. 

In  their  physical  character  and  occurrence  the  Cubitas  ores  are 
practically  identical  with  those  of  the  Moa  and  Mayari  districts. 
No  analyses  of  the  ores  can  be  given  at  the  present  time,  but  there 
is  every  reason  to  believe  that  the  material  will  show  the  same  chem- 
ical features  as  the  ores  from  Moa  and  Mayari. 
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The  bed  rock  of  the  district,  being  serpentine,  is  identical  with 
that  underlying  the  two  other  ore  fields  here  described,  but  in  the 
Cubitas  field  there  is  practically  no  pine  or  other  timber,  the  princi- 
pal growth  being  palmetto,  bracken  ferns,  and  coarse  grasses  of  little 
or  no  value  for  grazing.  Serpentine  occurs  also  over  much  of  the 
surrounding  country,  and  in  places  other  crystalline  rocks  are  found. 
Outside  of  the  serpentine  country,  but  within  the  general  region  in 
which  the  Cubitas  deposits  are  found,  there  are  several  bed-rock 
deposits  of  hard  ore,  consisting  of  hematite  and  magnetite  and  show- 
ing above  60  per  cent  of  iron.  Several  bodies  of  rich  chromite  ore 
are  also  known. 

ORIGIN  OF  THE  DEPOSITS, 

The  yellow  ferruginous  clays  and  associated  brown  iron  ores  of  the 
Moa,  Mayari,  and  Cubitas  districts  are  considered  as  residual  mate- 
rials, derived  from  the  serpentine  rocks  upon  which  they  rest,  through 
the  process  of  surficial  weathering  and  decomposition.  Strong  evi- 
dence that  the  serpentine  has  contributed  the  material  of  the  deposits 
lies  in  the  fact  that  all  the  ores  contain  chromium,  which  is  an  ele- 
ment known  to  be  characteristically  associated  in  occurrence  with 
certain  serpentine  and  related  rocks,  and  which  may  therefore  be 
assumed  to  be  present  in  small  amounts  in  the  serpentine  that  under- 
Ues  these  particular  accumulations  of  iron  ore.  The  case  of  these 
ores  is  closely  similar  to  that  of  certain  small  deposits  of  brown  iron 
ore  embedded  in  brownish,  earthy  material,  which  occur  on  Staten 
Island,  New  York,  and  which  have  been  described  and  commented 
upon  by  Dr.  T.  S.  Hunt,**  as  follows: 

This  material  rests  immediately  upon  the  serpentine  rock  of  the  region  into  which 
it  graduates,  and  from  the  subaerial  decay  of  which  it  has  evidently  been  derived; 
the  lower  portion  of  the  earthy  matrix  still  preserves  the  peculiar  jointed  structure 
of  the  underlying  serpentine. 

*  *  *  This  limonite  which  is  now  mined  to  a  considerable  extent,  contains,  as 
several  analyses  have  shown,  from  1  to  2  per  cent  of  chromic  oxide,  which  is  also 
known  to  be  present  in  small  amounts  in  the  serpentine.  An  impure  argillaceous 
specimen,  containing  59.63  of  ferric  oxide,  yielded  the  writer  2.81  of  chromic  oxide 
in  a  condition  readily  soluble  in  chlorhydric  acid. 

*  *  *  It  is,  I  think,  evident  that  the  decay  of  the  serpentine,  and  the  concen- 
tration, in  the  residuum,  of  its  iron  in  the  form  of  limonite,  was  a  process  anterior  to 
the  glacial  erosion,  and  that  the  ore  banks  are  areas  of  the  decayed  material  which 
has  escaped  this  action. 

The  Clealum  iron  ores  of  Washington,  as  described  by  Smith  and 
Willis,^  show  a  general  similarity  in  composition  to  the  Cuban  ores, 
but  contain  nickel  as  well  as  chromium.  They  occur  in  the  form  of 
lenses,  from  a  foot  or  two  up  to  30  feet  in  thickness,  on  an  old  eroded 
surface  of  an  extensive  formation  of  serpentine,  and  lie  at  or  in  the 

a  Mineral  Physiology  and  Physiography,  1886,  p.  268. 
b Trans.  Am.  Inst.  Min.  £ng.,  vol.  30, 1901,  pp.  356-366. 
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base  of  the  Swauk  sandstone.  The  ore,  which  contains  both  hematite 
and  magnetite,  is  partly  of  ooUtic  nature,  and  is  thought  to  have  been 
deposited  originally  in  the  condition  of  ferrous  carbonate  or  hydrous 
sesquioxide  of  iron.  It  contains  from  1.9  to  5.2  per  cent  of  Cr,0, 
and  from  0.20  to  0.68  per  cent  of  NiO.  A  sample  of  serpentine  anar- 
lyzed  gave  0.47  and  0.10  per  cent,  respectively,  of  CrjO,  and  NiO,  so 
that  the  ore  is  regarded  as  the  result  of  concentration  from  the  ser- 
pentine. It  is,  however,  thought  to  be  not  strictly  a  residual  deposit 
accumulated  in  place,  but  instead  a  sedimentary  deposit  of  which  the 
materials  were  furnished  mainly  by  the  serpentine. 

That  the  Cuban  ores  here  under  discussion  were  derived  from  the 
serpentine  rocks  with  which  they  are  associated  can  be  accepted 
without  reservation,  and  there  is  good  reason  to  beUeve  that  they 
were  formed  by  decomposition  of  the  rock  in  place  rather  than  that 
the  materials  of  which  they  are  composed  were  brought  into  their 
present  positions  either  as  washed-in  sediments  or  as  dissolved  salts. 
Evidence  for  this  last  conclusion  is  seen  in  the  facts  that  the  ore 
material  contains  no  grains  of  sand  and  that  the  deposits  are  spread 
over  extensive  areas  which  are  almost  completely  lacking  in  local 
topographic  relief,  except  such  as  can  be  seen  to  have  originated 
since  the  accumulation  of  the  ores.  It  is  thought  that  the  surfaces 
of  low  reUef  upon  which  the  ore  mantles  occur  must  be  remnants  of 
formerly  more  extensive  plains,  which  have  been  uplifted  and  warped 
by  mountain-building  forces  and  largely  destroyed  by  subsequent 
erosion.  At  Moa  the  destruction  of  the  ore  ground  is  evidently  even 
now  progressing  at  a  geologically  rapid  rate.  Theoretically,  plains 
of  this  sort  are  the  natural  end  products  of  subaerial  erosion  con- 
tinued through  very  long  periods  undisturbed  by  mountain-building 
forces,  and  the  thick  accumulation  of  strictly  residual  materials  is  the 
natural  and  perhaps  necessary  accompaniment  of  the  later  ^stages  of 
the  process  of  planation.  Peneplains  (surfaces  of  extremely  low  re- 
lief reduced  by  subaerial  decomposition,  decay,  and  solution  of  the 
rocks  over  a  wide  region)  are  recognized  as  existing  over  a  large  part  of 
the  Atlantic  and  Gulf  slopes  of  the  Ignited  States.  An  extensive  and 
now  considerably  dissected  peneplain  which  is  seen  in  the  Piedmont 
Plateau  of  our  Eastern  States  is  known  to  have  been  formed  during 
late  Tertiary  time  and  to  have  become  partly  buried  by  sedimentary 
materials  that  are  now  grouped  together  and  described  as  the  Lafay- 
ette formation. 

Orange-colored  and  red  sands  and  gravels  characterize  this  forma- 
tion in  many  districts  and  though  no  direct  means  of  correlation  are 
at  present  known,  it  seems  very  likely  that  those  uplifted  and  warped 
peneplains  of  Cuba  which  are  covered  by  deep  soils  and  clays  may 
eventually  be  found  to  correspond  in  age  wath  the  pre-Lafayette,  or, 
as  it  is  more  commonly  called,  the  Tertiary  peneplain  of  the  eastern 
United  States. 
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Though  the  general  conditions  under  which  the  Cuban  iron  ores 
accumulated  were  probably  those  which  have  been  outlined,  the 
actual  mode  of  origin  is  a  problem  that  demands  a  large  amount  of 
detailed  chemical  work  and  a  comparison  with  similar  problems  pre- 
sented in  other  regions.  Consideration  of  the  fact  that  the  red  and 
brown  materials,  consisting  of  shot  ore  in  an  earthy  matrix  and  of 
porous  layer  ore,  occur  in  the  surficial  part  of  the  residual  masses 
leads  to  the  idea  that  they  are  the  products  of  secondary  weather- 
ing of  the  yellow  clays  which  are  thought  to  be  the  direct  residuals 
from  the  decomposition  of  the  serpentine.  What  may  be  termed 
the  primary  change,  from  serpentincr^  to  ocherous  clay,  involved 
the  depletion  of  silica,  magnesia,  and  lime  and  the  concentration  of 
alumina,  iron  oxide,  and  chromic  oxide;  the  secondary  change  to 
brown  and  red  materials  seems  to  have  consisted  mainly  in  par- 
tial dehydration  and  deoxidation.  These  last  effects,  though  prob- 
ably slight,  are  evidenced  by  the  marked  difference  of  color,  by  the 
slightly  higher  iron  content  of  shot  ore  occurring  on  the  immediate 
surface,  by  the  reported  presence  of  some  hematite  in  addition  to  the 
hydrated  oxides  that  constitute  the  bulk  of  the  iron  ore,  and  by  the 
presence  of  magnetite,  which  is  indicated  by  the  magnetic  property 
of  a  portion  of  the  shot  ore. 

MINING  CONCESSIONS. 

The  Republic  .of  Cuba  as  a  former  colony  of  Spain  has  inherited 
mining  laws  based  on  the  principle  that  the  ownership  of  all  deposits 
of  metallic  minerals  is  inseparable  from  the  State.  In  the  case  of  iron 
ores,  concessions  of  any  desired  size  may  be  acquired  from  the  Govern- 
ment by  the  procedure  known  as  denouncement.  The  expense  of 
denouncement,  attendant  surveys,  and  title  of  concession  amounts  to 
$2.86  per  hectare,  equivalent  to  2.47  acres.  The  law  provides  for  an 
annual  tax  of  $2.50  per  hectare,  nonpayment  of  which  is  the  only 
cause  of  forfeiture.  Collection  of  this  charge  has  been  suspended 
since  1901,  so  at  the  present  time  mining  rights  once  secured  by  a 
small  expenditure  may  be  held  without  further  cost. 

Where  the  surface  rights  to  land  containing  mineral  deposits  are 
held  by  private  interests  arrangements  must  be  made  to  satisfy  all 
damages  which  may  ensue,  but  in  the  case  of  wild  or  forest  lands 
owned  by  the  Government  the  concessionary  apparently  acquires 
full  surface  rights  with  the  title  of  the  concession.  The  feature  last 
mentioned  is  of  great  importance  both  at  Moa  and  at  Mayari,  where 
large  tracts  which  have  been  held  by  the  Church  of  Rome  became 
Government  lands  when  the  Republic  was  established. 

With  the  exception  of  a  few  small  claims  at  Moa,  all  the  ore  lands  in 
the  Moa  and  Mayari  districts  have  been  denounced  within  the  last  four 
years,  so  that  in  these  districts  titles  are  likely  to  be  clear.     In  the 
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Cubitas  district  most  of  the  denouncements  were  made  many  years 
ago,  and  in  some  cases,  at  least,  titles  to  ownership  are  more  or  less 
clouded. 

METAIilillRGY. 

The  high  alumina  of  the  Mayari  and  similar  ores  produces  an  un- 
usual slag,  demanding  careful  and  intelligent  operation.  The  chro- 
mium which  is  present  goes  into  the  pig  iron  and  tnost  of  it  must  be 
removed  in  the  manufacture  of  steel.  Extended  experimentation 
by  the  engineers  of  the  Pennsylvania  Steel  Company  has  resulted  in 
the  discovery  of  a  method  by  which  chromium  can  be  sufficiently 
eliminated  in  the  Bessemer  converter,  and  the  effect  of  the  portion 
of  chromium  remaining  on  the  quality  of  the  product  has  been  care- 
fully studied.  The  following  account  of  the  process  which  has  been 
developed  for  the  removal  of  chromimn  appeared  in  the  Engineering 
and  Mining  Journal  October  7,  1905: 

An  invention  calculated  to  increase  the  value  of  chromiferous  iron  ores  has  lately 
been  patented  by  H.  H.  Campbell,  of  Steelton,  Pa.  (U.  S.  No.  795193.)  Using 
iron  ores  containing  from  1  per  cent  to  5  per  cent  chromium,  he  succeeded  in  produc- 
ing a  steel  containing  only  0.08  per  cent  Cr.  It  is  well  known  that,  if  a  steel  has  a 
content  of  Cr  in  excess  of  a  certain  small  proportion,  it  is  unfit  for  use  for  most  pur- 
poses in  engineering  works;  and  also  that  it  has  not  been  practical  to  make  use  of  iron 
rich  in  Cr  as  a  starting  metal  for  the  manufacture  of  steel  on  a  profitable  scale  because 
of  the  inability  to  effect  the  economical  removal  of  the  Cr.  Mr.  Campbell's  method 
is  to  first  treat  the  chromium  iron  in  a  basic  Bessemer  converter,  producing  a  basic 
slag,  and  then  to  oxidize  the  Cr  by  prolonging  the  blow  beyond  the  usual  period,  which 
causes  the  C'r  to  enter  the  slag.  The  charge  is  then  drawn  from  the  converter  into  a 
ladle  (having  a  device  for  drawing  the  metal  from  beneath  the  slag),  and  then  stopping 
or  controlling  tlie  flow  of  slag.  The  subsequent  treatment  depends  on  the  final  use 
for  which  the  steel  is  intended.  For  low-carbon  steel,  where  the  dechromized  metal 
does  not  contain  much  oxygen,  it  is  incorporated  with  ferromanganese  to  obtain  the 
usual  reaction;  where  the  dechromized  metal  contains  considerable  oxygen,  it  is 
charged  in  a  second  converter  having  a  siliceous  lining  with  an  addition  of  unblown 
molten  iron  (free  from  Cr  and  having  a  higher  car})on  content)  and  finally  recarburizing. 

The  removal  of  chromium  from  pig  iron  in  the  open-hearth  process 
of  steel  making  has  been  described  by  A.  W.  Richards  in  a  recent  paper 
entitled  '*A  method  of  producing  higli-class  steel  from  pig  iron  con- 
taining chromium,  nickel,  and  cobalt,' ^°  from  which  the  following  ex- 
tract is  taken: 

Doctor  Masfi<'noz,  the  inventor  of  the  new  process,  conceived  the  idea  of  working  in 
a  basic  or  neutral  lined  open-hearth  furnace  provided  with  slag  notches,  thinking  that 
the  chroiniuiu  might  be  removed  by  forming  successive  voluminous  quantities  of  oxi- 
dizing slags  and,  as  the  chromium  oxide  was  formed,  removing  these  slags  tlu-ough  the 
slag  notches  before  they  became  too  thick. 

Into  an  open-hearth  furnace  is  charged  3  tons  each  of  lime  and  basic  slag,  the  latter 
produced  ])y  melting  liematitc;  pig  iron  on  a  ])asic  liearth,  and  over  this  is  added  3  tons 
of  hematite  iron  ore.     The  mixture  is  heated  until  the  ore  becomes  pasty.     Two  ladles 


o  Jour.  Iron  and  Sleel  Inst.,  No.  1, 1907,  pp.  n4-l20.     United  States  patents  Nos.  754154  and  772164. 
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containing  10  to  11  tons  each  of  molten  chrome  nickel  iron  are  then  added.  Thick  and 
foaming  slag  is  gradually  formed,  containing  a  portion  of  the  chromium  as  chromic 
oxide,  and  this  at  the  end  of  forty-five  minutes  to  one  hour  is  run  out  at  the  slag  notches. 
A  second  slag  is  then  formed  from  the  materials  remaining  on  the  bottom  of  the  furnace 
hearth,  which  do  not  all  melt  at  first,  and  by  further  additions  of  basic  slag,  fluor  spar, 
and  lime.  This  slag  after  melting  contains  an  additional  quantity  of  chromic  oxide, 
and  is  also  removed,  but  owing  to  its  viscous  character  it  can  only  be  made  to  pass  the 
slag  notches  by  mechanical  assistance.  This  operation  of  forming  slag  is  repeated  ac- 
cording to  the  percentage  of  chromium  in  the  iron.  When  working  with  an  iron  con- 
taining 4  per  cent  of  chromiiun  it  is  generally  necessary  to  make  and  run  out  four  such 
slags,  after  which  practically  all  of  the  chromium  is  removed.  When  this  point  is 
reached  the  metal  is  worked  like  an  ordinary  open-hearth  charge.  The  resulting  steel 
contains  about  0.3  per  cent  of  chromium,  as  it  derives  some  of  this  diuing  the  decarbu- 
rizing  period  in  the  open  hearth,  being  reduced  from  the  chromic  oxide  in  the  slag. 

The  boil  commences  in  from  nine  to  ten  hom^  after  the  furnace  is  charged,  and  only 
lasts  an  hour  before  the  steel  is  ready  for  tapping. 

The  slag  contains  from  5  to  10  per  cent  of  chrome  oxide. 

The  steels  produced  by  Mr.  Richards  contam  from  0.52  to  0.69  per 
cent  of  carbon,  0.016  to  0.032  per  cent  of  phosphorus,  and  0.12  to  0.51 
per  cent  of  chromium.  The  iron  used  was  made  from  or^  of  the  fol- 
lowing analysis,  the  source  of  the  ore  not  being  stated: 

Fe  (as  received) 45.  69 

Mn .232 

Or 2.35 

Nil... 90 

Col 

SiOa , 12.32 

AlA 9.25 

CaO .55 

MgO 2. 14 

S .029 

P .02 

The  pig  iron  contains — 

Cr 4.00 

Ni^  1.75 


;}• 


•  Coi 

Si .40 

And  the  steel  made  from  it  contains — 

Ni 1.  50 

Co .25 

Cr 12  to     .51 

P 016  to     .032 

C 52  to     .69 


IRON  ORES  NEAR  ELLIJAY,  GA. 


By  W.  C.  Phalen. 


INTRODUCTION. 

The  Ellijay  quadrangle  of  the  United  States  Geological  Survey  lies 
mainly  in  the  northern  part  of  Georgia,  but  includes  narrow  strips  of 
Tennessee  and  North  Carolina  along  its  northern  border.  The  area  is 
entirely  within  the  mountain  division  of  the  Appalachian  province. 

The  existence  of  iron  ores  in  and  near  this  area  has  long  been  known, 
but  it  is  only  recently  that  systematic  effort  has  been  made  to  prospect 
them  thoroughly  with  a  view  to  their  commercial  exploitation.  It  is 
the  purpose  of  this  paper  to  present  briefly  the  latest  information  re- 
garding these  ores,  gathered  in  the  field  season  of  1907. 

GEOL.OGY. 

The  rocks  in  the  area  are  for  the  most  part  southwesterly  continuar 
tions  of  belts  which  have  been  carefully  studied  by  Arthur  Keith  in  the 
Murphy  and  Nantahala  quadrangles  on  the  north  and  northeast  and 
are  in  part  of  sedimentary  and  in  part  of  igneous  origin.  Nearly  all 
have  been  metamorphosed,  some  to  such  an  extent  that  all  traces  of 
their  original  nature  have  disappeared,  a  condition  which  adds  greatly 
to  the  difficulty  of  their  study.  According  to  Keith,  they  range  in  age 
from  the  Archean  into  the  Cambrian,  those  of  the  latter  system  con- 
stituting the  Ocoee  group.  Named  in  order  from  the  top  of  the  geo- 
logic column  represented  they  comprise  the  Murphy  marble.  Valley- 
town  formation,  Brasstown  schist,  Tusquitee  quartzite,  Nantahala 
slate,  and  Great  Smoky  conglomerate,  all  probably  of  Cambrian  age, 
and  granites  and  gneisses  belonging  in  the  Archean.  It  is  probable 
that  the  nomenclature  given  above  may  be  changed  in  part  when  the 
Ellijay  folio  is  published,  as  it  is  quite  certain  that  sQnie  of  the  litho- 
logic  units  used  in  mapping  the  Nantahala  quadrangle  either  merge 
with  others  or  die  out  completely  in  passing  southward  from  North 
Carolina  into  Georgia.  Most  of  these  rocks,  except  the  Murphy  marble, 
are  cut  by  dikes  of  igneous  origin,  many  of  which  are  quartz  diorite, 
though  much  of  the  intruded  rock  is  more  basic  than  this. 

All  the  rocks  of  this  region  have  been  folded  and  faulted,  as  a  result 
of  which  they  have  been  greatly  compressed  and  metamorphosed. 
Faulting  has  aided  in  the  formation  of  certain  ore  deposits  to  be  sub- 
sequently described. 
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THE  IROK  ORES. 
GENERAL  OUTLINE. 

Iron  ore  occurs  at  many  localities  in  and  near  the  Ellijay  quad- 
rangle, but  in  comparatively  few  places  is  it  present  in  sufficient 
quantity  to  repay  systematic  development.  Most  of  the  ore  belongs 
in  the  class  of  hydrous  ferric  oxides,  the  so-called  ''brown  ore,"  but 
the  available  analyses  given  in  this  paper  are  so  incomplete  that 
little  can  be  told  about  the  original  content  of  water  in  the  ore,  and 
thus  it  is  uncertain  exactly  which  hydrous  oxide  is  present — turgite, 
goethite,  or  limonite.  From  the  fact  that  the  ores  are  entirely 
amorphous  it  is  clear  that  they  are  more  recent  than  the  rocks  with 
which  they  are  associated  and  are  also  later  than  the  periods  of 
deformation  during  which  the  neighboring  rocks  have  been  affected. 
The  deposits  therefore  are  not  original  but  secondary  in  nature. 

The  occurrences  visited  and  studied  are  located  as  follows : 

(1)  Ore  Knob,  a  small  and  somewhat  isolated  peak  between 
Whitepath  and  Little  Tumiptown  creeks,  just  east  of  the  Atlanta, 
Knoxville  and  Northern  division  of  the  Louisville  and  Nashville 
Railroad,  and  nearly  4  miles  northeast  of  Ellijay. 

(2)  About  a  mile  east  of  Ellijay  and  just  north  of  Cartecay  River. 

(3)  About  6  miles  southwest  of  Ellijay,  just  outside  of  the  Ellijay 
quadrangle,  near  the  mouth  of  Talona  Creek  and  IJ  miles  north  of 
Talona  station. 

DEPOSITS  AT  ORE  KNOB. 

Occurrerice. — ^At  Ore  Knob,  iron  ore  has  been  exposed  by  several 
open  cuts  and  pits,  most  of  which  are  in  a  quartzitic  sandstone  or 
quartzite,  though  one  test  pit  from  which  considerable  ore  has  been 
removed  has  a  foot  wall  of  lustrous  blue  schist,  characteristic  of  the 
Valley  town  formation  as  exposed  along  the  road  between  Blue  Ridge 
and  Ellijay.  Several  shipments  of  ore  are  reported  to  have  been 
made  from  the  property,  one  of  29  cars  having  been  specified.  All 
the  ore  seen  is  situated  well  above  drainage  level. 

As  mentioned  above,  the  rock  with  which  the  bulk  of  the  ore  is 
associated  appears  highly  siliceous.  Along  the  public  road  south  of 
Ore  Klnob,  silvery  mica  schist,  probably  of  the  Valleytown  formation, 
outcrops  in  several  places,  east  of  which  were  seen  ore  and  sandy 
debris.  A  short  distance  to  the  east,  in  the  valley  of  Little  Tumip- 
town Creek,  the  typical  blue  Nantahala  slate  was  observed.  All  the. 
observations  made  in  the  locality  indicate  dips  of  40°  or  more,  gen- 
erally to  the  southeast.  The  strike  of  the  rocks  is  usually  east  of 
north,  but  in  places  swings  around  nearly  to  north,  and  as  nearly  as 
could  be  determined  the  trend  of  the  ore  belt  conforms  closely  to 
that  of  the  adjacent  rocks.     Thus  the  ore  occurs  in  a  belt  close  to  the 
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contact  of  the  Valleytown  formation  and  Nantahala  slate.  As  tbe 
beds  are  disposed  the  Nantahala  overlies  the  Valleytown,  heim^ 
thrust  over  on  it  from  the  east.  The  ore  apparently  lies  along  ihe 
line  of  the  thrust  fault. 

Character  and  origin  of  ore. — This  conclusion  as  to  the  location  of  the 
ore  with  respect  to  the  fault  is  in  accord  with  observations  on  the  char- 
acter of  the  ore  itself,  some  of  which  is  a  quartzite  breccia  cemented  by 
iron  oxide.  Much  of  the  ore  is  highly  siliceous,  being  in  some  places  a 
mere  film  of  iron  oxide  on  a  quartzitic  nucleus.  Some  of  it  is  black, 
suggesting  an  admixture  of  manganese  oxide;  but  the  bulk  of  the 
material  is  the  common  limonite  or  brown  ore.  Though  the  ore  is 
siUceous  in  part,  much  of  it  is  very  pure,  and  the  study  of  that  already 
uncovered  indicates  that  with  careful  culling  good  ore  exists  in  large 
enough  quantity  to  make  the  occurrence  an  inviting  one  for  future 
development. 

A  faulted  zone  is  one  along  which  waters  might  either  descend  or 
ascend.  The  ores  here  discussed  appear  to  have  been  leached  from 
the  surrounding  rocks  and  deposited  by  descending  waters^  for  there 
are  no  sulphides  associated  with  the  ore,  as  would  probably  be  the  case 
if  it  were  due  to  ascending  waters.  If  this  hypothesis  as  to  the  origin 
of  the  ores  be  correct,  the  deposits  will  be  limited  in  depth  but  may 
have  considerable  linear  extent.  Such  being  the  case,  careful  search 
along  the  western  edge  of  the  blue-slate  belt,  where  these  rocks  are 
thrust  upon  the  Valleytown  formation  and  Murphy  marble,  may  re- 
veal the  presence  of  other  valuable  deposits. 

DEPOSITS  NORTH  OF  CARTECAY  RIVER. 

Occurrence. — The  deposits  a  mile  east  of  Ellijay  are  located  just 
north  of  Cartocay  River,  on  the  west  side  of  Randall  Branch.  The  hill 
in  wliicli  tlie  ore  occurs  rises  about  300  feet  above  the  bed  of  the  river. 
The  old  workings  arc  now  inaccessible,  but  according  to  reports  the 
ore  occurs  in  at  least  two  veins,  a  main  vein  and  "another  of  less  width, 
which  arc  exposed  in  a  tunnel  200  feet  long,  driven  from  a  point  near 
tlic  cast  base  of  the  hill.  In  tlie  tunnel  a  winze  was  reported  nearly  50 
feet  deep,  wholly  in  ore.  A  surface  cut  has  also  been  made  at  one 
point,  exposing  an  ore  body  said  to  be  40  feet  thick,  though  the  width 
sliown  in  the  tunnel  is  niucli  less  than  this,  or  about  25  feet.  A  few 
open  cuts  and  an  old  shaft  said  to  be  70  feet  deep  have  also  been  sunk 
on  the  ore.  On  the  south  side  of  the  hill  at  the  roadside  another  tun- 
nel has  evidently  boon  started.  The  ore  can  be  traced  intermittently 
for  several  hundred  feet  along  the  hill  to  the  north,  and  the  under- 
ground and  surface  observations  point  to  a  fairly  large  body  above 
drainage  level.  The  rocks  in  the  immediate  locality,  among  which  the 
l)lue  Nantahala  slate  predominates,  have  varial)le  strikes,  ranging  from 
N.  15°  E.  to  N.  44°  E.,  and  the  strike  of  the  main  ore  body  is  about  N. 
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30"^  E.,  with  a  dip  of  50"^  SE.  The  ore  body  is  thus  conformable  to  the 
inclosing  slates.  The  country  rock  immediately  east  is  blue  slate, 
regarded  as  characteristic  Nantahala.  Farther  south,  in  the  town  of 
East  Ellijay,  the  same  slate  outcrops  along  the  roadside,  striking 
about  30°  east  of  north,  and  dipping  at  high  angles  to  the  southeast. 
At  the  bridge  over  Cartecay  River  the  blue  slatps  also  outcrop.  Some 
of  the  rock  in  the  valley  of  Randall  Branch  is  grayish  mica  schist,  not 
entirely  characteristic  of  the  Nantahala,  and  it  is  possible  that  here,  as 
at  Ore  Knob,  the  ore  is  situated  close  to  a  fault  contact. 

Character  arid  origin  of  ore. — The  ore  itself  is  the  usual  brown  ore  or 
limonite.  Some  of  it  is  rather  siUceous,  but  the  available  analyses 
indicate  a  high-grade  ore,  as  shown  below : 

Analyses  of  iron  ore  cast  of  Ellijay  ^  Ga. 


_ 

1. 

2. 

3. 

4. 

Metallic  Iron 

51. 4S 

8.29 

1.00 

Trace. 

54.  Gl 

65.71 
4.65 
.226 
.148 

50.88 

Silica  and  insoluble    

9.28 

Phosphorus 

1.90 

Sulphur 

.01 

Mototure  at  212**  F 

-       1.12 

1 

1   From  an  average  sample  taken  across  the  big  vein  in  the  main  tunnel,  by  Hall  Brothers,  mining 
engineers,  Atlanta,  Ga.    Analysis  made  in  the  N.  P.  Pratt  laboratory,  Atlanta,  Ga. 
27  Ore  from  ve'm  in  main  tunnel.    John  M.  McCandless,  chemist,  Atlanta,  Ga. 

3.  Ore  from  outcrop.    Hodge  &  Evans,  chemists,  Anniston,  Ala. 

4.  From  sample  taken  entirely  across  the  face  of  vein  and  collected  by  S.  W .  McCallie.    Analysis  made 
in  the  N.  P.  Pratt  laboratory,  Atlanta,  Ga. 

These  analyses  show  an  ore  with  a  fair  content  of  metallic  iron, 
high  in  phosphorus,  and,  with  the  exception  of  the  outcrop  sample 
analyzed  by  Hodge  &  Evans  (No.  3),  low  in  sulphur. 

Like  the  occurrence  at  Ore  Knob,  the  ores  east  of  Ellijay  appear  to 
be  due  to  surface  or  shallow  underground  waters  which  have  leached 
the  iron  from  the  garnet,  staurolite,  pyrite,  and  other  iron-bearing 
minerals  contained  in  surrounding  rocks  and  deposited  it  in  its  pres- 
ent position.  The  planes  of  schistosity  which  exist  in  the  slates  of 
this  region,  especially  if  the  rock  is  at  all  calcareous,  would  facilitate 
the  movement  of  such  solutions.  Along  a  fault  which,  it  is  quite 
possible,  exists  here,  the  movement  of  such  waters  would  probably 
be  more  pronounced,  and  in  such  a  position  the  ore  most  likely  would 
occur  in  largest  amount. 

DEPOSITS  NEAR  TALONA. 

Occurrence  and  development. ^N ear  the  point  where  Talona  Creek 
crosses  the  Louisville  and  Nashville  Railroad,  about  IJ  miles  north 
of  Talona  station,  a  wide  vein  of  iron  ore  has  been  exposed  in  an 
open  cut  on  the  west  side  of  the  valley  near  the  valley  floor.  The 
Murphy  marble  underlies  the  valley  here  and  extends  upward  a  short 
distance  on  the  hillside  to  the  west.     The  ore  occurs  between  the 
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marble  on  the  east  and  a  satiny  schistose  phase  of  the  Valleytown 
formation,  which  in  the  immediate  vicinity  is  a  dull  reddish  brown  or 
blue,  on  the  west.  The  attitude  of  the  schist  could  be  readily  deter- 
mined; not  so  easily,  however,  that  of  the  marble,  owing  to  the  dif- 
ficulty of  identifying  true  bedding  planes.  The  schist  strikes  between 
20''  and  25°  east  of  north  and  dips  from  40°  to  50°  SE.  In  the  open 
cut  already  excavated  the  ore  appears  as  a  practically  solid  ledge. 
To  judge  from  ore  in  place  to  the  west,  the  lead  is  nearly  50  feet 
thick,  although  it  may  not  be  all  soHd  ore.  It  can  be  traced  for  a 
long  distance  to  the  north  and  not  so  far  southward.  At  the  time  of 
visit  several  hundred  tons  of  ore  had  been  mined  and  placed  on  the 
stock  pile  since  the  beginning  of  operations  in  August,  1907,  and  the 
North  Georgia  Marble  Company,  which  controls  the  property,  was  at 
that  time  building  a  spur  track  to  the  railroad. 

CTiaracter  and  origin  of  ore. — The  ore  is  limonite  and  does  not  diflFer 
materially  from  that  above  described.  Its  origin,  however,  is  dis- 
tinctly different  in  that  it  is  apparently  not  along  a  fault  plane.  The 
Murphy  marble,  as  has  been  mentioned,  underlies  the  valley  floor 
and  Ihe  schist  to  the  west  is  probably  in  the  Valleytown  formation, 
lying  normally  below  the  marble.  Such  a  contact  between  insoluble 
schists  and  a  marble  offers  a  natural  channel  for  the  descent  of  super- 
ficial waters,  and  it  is  quite  possible  for  the  iron  oxides  leached  ht>m 
the  ferruginous  minerals  in  the  adjacent  formations  to  concentrate 
along  such  a  contact  and  to  be  subsequently  oxidized.  The  ore 
body  will  probably  be  found  to  extend  only  to  moderate  depths,  but 
the  quantity  of  ore  above  ground-water  level  will  be  large  owing  to 
the  linear  extent  of  the  deposit. 

Two  analyses  of  this  ore,  kindly  furnished  to  the  writer  by  Mr.  H. 
A.  Field,  of  EUijay,  are  as  follows: 

Analyses  of  Talona  iron  ore. 


Metallic  iron. 

Silica 

Manganese . . . 
Phosphorus.. 


49.00 
16.50 


.37 


51.80 

12.04 

.30 

.67 


1.  Childers  &  Iluntcr,  Knoxville,  Tenn.,  amUysts. 

2.  Analysis  made  by  the  Virginia  Coal  and  Coke  Company. 


These  analyses  show  the  Talona  ore  to  be  of  a  fairly  good  grade. 
Phosphorus  is  high,  but  if  it  does  not  run  any  higher  on  further  de- 
velopment it  is  not  objectionable. 
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Ball,  S.  H.  The  Hartville  iron  ore  range,  Wyoming.  In  Bulletin  No.  315,  pp. 
190-205.     1907. 

Titaniferous  iron  ores  of  Iron  Mountain,  Wyoming.     In  Bulletin  No.  315, 

pp.  206-212.     1907. 

Barnes,  P.  The  present  technical  condition  of  the  steel  industry  of  the  United 
States.    Bulletin  No.  25.    85  pp.    1885. 

Baylby,  W.  S.  The  Menominee  iron-bearing  district  of  Michigan.  Monograph 
XLVI.    513  pp.    1904. 

(See  also  Clements,  J.  M.,  Smyth,  H.  L.,  Bayley,  W.  S.,  and  Van  Hise, 

C.  R.;  also  Van  Hise,  C.  R.,  Bayley,  W.  S.,  and  Smyth,  H.  L.) 

BiBKiNBiNE,  J.  American  blafit-fumace  progress.  In  Mineral  Resources  U.  S. 
for  1883-84,  pp.  290-311.     1885. 

The  iron  ores  east  of  the  Mississippi  River.    In  Mineral  Resources  U.  S. 

for  1886,  pp.  39-98.     1887. 

The  production  of  iron  ores  in  various  parts  of  the  world.    In  Sixteenth 

Ann.  Rept.,  pt.  3,  pp.  21-218.    1894. 

Iron  ores.    In  Nineteenth  Ann.  Rept.,  pt.  6,  pp.  23-63.    1898. 

Manganese  ores.    In  Nineteenth  Ann.  Rept.,  pf.  6,  pp.  91-125.    1898. 

BouTWELL,  J.  M.    Iron  ores  in  the  Uinta  Mountains,  Utah.    In  Bulletin  No.  225, 

pp.  221-228.     1904. 

BuRCHARD,  E.  F.  The  iron  ores  of  the  Brookwood  district,  Alabama.  In  Bulletin 
No.  260,  pp.  321-334.     1905. 

The  Clinton  or  red  ores  of  the  Birmingham  district.     In  Bulletin  No.  315, 

pp.  130-151.     1907. 

The  brown  ores  of  the  Russellville  district,  Alabanm.     In  Bulletin  No.  315, 

pp.  152-160.     1907. 

Chisolm,  F.  F.  Iron  in  the  Rocky  Mountain  division.  In  Mineral  Resources  U.  S. 
for  188»-84,  pp.  281-286.    1885. 

Clements,  J.  M.  The  Vermilion  iron-bearing  district  of  Minnesota.  Monograph 
XLV.    463  pp.     1903. 

Clements,  J.  M.,  Smyth,  H.  L.,  Bayley,  W.  S.,  and  Van  Hise,  C.  R.  The  Crystal 
Falls  iron-bearing  district  of  Michigan.    Monograph  XXXVI.    512  pp.     1899. 

DiLLER,  J.  S.  Iron  ores  of  the  Redding  quadrangle,  California.  In  Bulletin  No. 
213,  pp.  219-220.     1903. 

335 


336        CONTEIBUTIONS  TO  ECONOMIC   GEOLOGY,  1907,  PABT  I. 

DiLLER,  J.  S.  So-called  iron  ore  near  Portland,  Greg.  In  Bulletin  No.  260,  pp. 
343-347.     1905. 

Eckel,  E.  C.  Utilization  of  iron  and  steel  slags.  In  Bulletin  No.  213,  pp.  221-231. 
1903. 

Iron  ores  of  the  J  Jnited  States.     In  Bulletin  No.  260,  pp.  317-320.     1905. 

Limonite  deposits  of  eastern  New  York  and  western  New  England.    In 

Bulletin  No.  260,  pp.  335-342.    1905. 

Iron  ores  of  northeastern  Texas.     In  Bulletin  No.  260,  pp.  348-354.     1905. 

The  Clinton  hematite.   In  Eng.  and  Min.  Jour.,  vol.  79,  pp.  897-898.    1905. 

The  iron  industry  of  Texas,  present  and  prospective.     In  Iron  Age,  voL 

76,  pp.  478-479.     1905. 

The  Clinton  or  red  ores  of  northern  Alabama.    In  Bulletin  No.  285,  pp. 

172-179.     1906. 

The  Oriskany  and  Clinton  iron  ores  of  Virginia.     In  Bulletin  No.  285,  pp. 

183-189.     1906. 

Iron  ores,  pig  iron,  and  steel.     In  Mineral  Resources  U.  S.  for  1906,  pp. 

67-102.     1907. 

Manganese  ores.     In  Mineral  Resources  U.  S.  for  1906,  pp.  103-109.     1907. 

(See  also  Hayes,  C.  W.,  and  Eckel,  E.  C.) 

Harder,  E.  C.    (See  Leith,  C.  K.,  and  Harder,  E.  C.) 

Hayes,  C.  W.  Geological  relations  of  the  iron  ores  in  the  Cartersville  district, 
Georgia.    In  Trans.  Am.  Inst.  Min.  Eng.,  vol.  30,  pp.  403-419.    1901. 

Manganese  ores  of  the  Cartersville  district,  Georgia.     In  Bulletin  No.  213, 

p.  232.     1903. 

Hayes,  C.  W.,  and  Eckel,  E.  C.  Iron  ores  of  the  Cartersville  district,  Georgia.  In 
Bulletin  No.  213,  pp.  233-242.     1903. 

Holden,  R.  J.  The  brown  ores  of  the  New  River-Cripple  Creek  district,  Virginia. 
In  Bulletin  No.  285,  pp.  190-193.     1906. 

Irving,  R.  D.,  and  Van  Hise,  C.  R.  The  Penokee  iron-bearing  series  of  Michigan 
and  Wisconsin.     Monograph  XIX.     534  pp.     1892. 

Keith,  A.  Iron-ore  deposits  of  the  Cranberry  district.  North  Carolina-Tennessee. 
In  Bulletin  No.  213,  pp.  243-246.     1903. 

Kemp,  J.  F.  The  titaniferous  iron  ores  of  the  Adirondacks  [N.  Y.].  In  Nineteenth 
Ann.  Rept.,  pt.  3,  pp.  377^22.     1899. 

Kindle,  E.  M.  The  iron  ores  of  Bath  County,  Ky.  In  Bulletin  No.  285.  pp. 
180-182.     190G. 

Leith,  C.  K.  The  Mesabi  iron-bearing  district  of  Minnesota.  Monograph  XLIII. 
310  pp.     1903. 

Geologic  work  in  the  Lake  Superior  iron  district  during  1902.     In  Bulletin 

No.  213,  pp.  247-250.     1903. 

The  Lake  Superior  mining  region  during  1903.     In  Bulletin  No.  225,  pp. 

215-220.     1904. 

Iron  ores  in  southern  Utah.     In  Bulletin  No.  225,  pp.  229-237.     1904. 

Genesis  of  the  Lake  Superior  iron  ores.     In  Economic  Geology,  vol.  1,  pp. 

47-GG.     1905. 

Iron  ores  of  the  western  United  States  and  British  Columbia.     In  Bulletin 

No.  285,  pp.  194-200.     1906. 

Leith,  C.  K.,  and  Harder,  E.  C.  The  iron  ores  of  the  Iron  Springs  district,  south- 
ern Utah.     Bulletin  No.  338.     In  press. 

Smith,  E.  A.  The  iron  ores  of  Alabama  in  their  geological  relations.  In  Mineral 
Resources  U.  S.  for  1882,  pp.  149-161.     1883. 

Smith,  Geo.  0.,  and  Willis,  B.  The  Clealum  iron  ores  Washington.  In  Trans. 
Am.  lust.  Min.  Eng.,  vol.  30,  pp.  356-366.     1901. 


SUBVEY  PUBLICATIONS   ON   IBON    AND   MANGANESE.  337 

Smith,  P.  S.  The  gray  iron  ores  of  Talladega  County,  Alabama.  In  Bull.  315,  pp. 
J61-184.     1907. 

Sbttth,  H.  L.  (See  Clements,  J.  M.,  Smyth,  H.  L.,  Bayley,  W.  S.,  and  Van  Hise, 
C.  R. ;  also  Van  Hise,  C.  R.,  Bayley,  W.  S.,  and  Smith,  H.  L.) 

Spencer,  A.  C.  The  iron  ores  of  Santiago,  Cuba.  In  Eng.  and  Min.  Jour.,  vol.  72, 
pp.  633-634.     1901. 

Manganese  deposits  of  Santiago,  Cuba.     In  Bulletin  No.  213,  pp.  251-255 

1903. 

Magnetite  deposits  of  the  Cornwall  type  in  Berks  and  Lebanon  counties,-  Pa. 

In  Bulletin  No.  315,  pp.  185-189.     1907. 

Swank,  J.  M.  The  American  iron  industry  from  its  beginning  in  1619  to  1886.  In 
Mineral  Resources  U.  S.  for  1886,  pp.  23-38.     1887. 

Iron  and  steel  and  allied  industries  in  all  countries.     In  Sixteenth  Ann. 

Rept.,  pt.  3,  pp.  219-250.     1894. 

Van  Hise,  C.  R.  The  iron-ore  deposits  of  the  Lake  Superior  region.  In  Twenty- 
first  Ann.  Rept.,  pt.  3,  pp.  305-434.     1901. 

(See  also  Clements,  J.  M.,  Smyth,  H.  L.,  Bayley,  W.  S.,  and  Van  Hise, 

C.  R.;  Irving,  J.  D.,  and  Van  Hise,  C.  R.) 

Van  Hise,  C.  R.,  Bayley,  W.  S.,  and  Smyth,  H.  L.  The  Marquette  iron-bearing 
district  of  Michigan,  with  atlas.    Monograph  XXVIII.    608  pp.     1897. 

Weeks,  J.  D.  Manganese.  In  Mineral  Resources  U.  S.  for  1885,  pp.  303-356. 
1886. 

Manganese.     In  Mineral  Resources  U.  S.  for  1887,  pp.  144-167.     1888. 

Manganese.     In  Mineral  Resources  U.  S.  for  1892,  pp.  169-226.     1893. 

Willis,  B.    (See  Smith,  G.  0.,  and  Willis,  B.) 

WoLPP,  J.  E.  Zinc  and  manganese  deposits  of  Franklin  Furnace,  N.  J.  In  Bulle« 
tin  No.  213,  pp.  214-217.    1903. 

Yale,  C.  G.  Iron  on  the  Pacific  coast.  In  Mineral  Resources  U.  S.  for  1883-84,  pp. 
686-290.     1885. 

47076— Bull.  340—08 22 


ALUMINUM  ORES. 

SURVEY  PUBLICATIONS  ON  ALUMINUM  ORES— BAUXITE, 

CRYOLITE,  ETC. 


The  following  reports  published  by  the  Survey  or  by  members  of  its 
staff  contain  data  on  the  occurrence  of  aluminum  ores  and  on  the 
metallurgy  and  uses  of  aluminum: 

BuRCHARD,  E.  F.  Bauxite  and  aluminum.  In  Mineral  Resources  U.  S.  for  1906, 
pp.  501-510.     1907. 

Canby,  H.  S.  The  cryolite. of  Greenland.  In  Nineteenth  Ann.  Rept.,  pt.  6,  pp. 
615-617*     1898. 

Hayes,  C.  W.     Bauxite.     In  Mineral  Resources  U.  S.  for  1893,  pp.  159-167.     1894, 

The  geological  relations  of  the  southern  Appalachian  bauxite  depodts.    In 

Trans.  Am.  Inst.  Min.  Eng.,  vol.  24,  pp.  243-254.    1895. 

Bauxite.     InSixteenth  Ann.  Rept.,  pt.  3,  pp.  547-597.     1895. 

The  Arkansas  bauxite  deposits.     In  Twenty -first  Ann.  Rept.,  pt.  3,  pp. 

435^72.     1901. 

Bauxite  in  Rome  quadrangle,  Georgia-Alabama.     Geologic  Atlas  U.  S. 

folio  No.  78,  U.  S.  Geol.  Survey,  1902,  p.  6. 

The  Gila  River  alum  deposits.     In  Bulletin  No.  315,  pp.  215-223.     1907. 

Hunt,  A.  E.     In  Mineral  Resources  U.  8.  for  1892,  pp.  227-254.     1893. 

Packard,  R.  L.     Aluminum  and  bauxite.     In  Mineral  Resources  U.  S.  for  1891, 

pp.  147-163.     1892. 

Aluminum.     In  Sixteenth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  3,  pp.  539- 

54G.     1895. 

Schnattkrbeck,  C.  C.  Ahiminum  and  bauxite  [in  1904].  In  Mineral  Resources 
U.  S.  for  1904,  pp.  285-294.     1905. 

Spurr,  J.  E.  Alum  deposits  near  Silver  Peak,  Esmeralda  County,  Nev.  In  Bul- 
letin No.  225,  pp.  501-502.     1904. 

Struthers,  J.  Aluminum  and  bauxite  [in  1903].  In  Mineral  Resources  U.  S.  for 
1903,  pp.  265-280.     1904. 

338 


PETROLEUM  AND  NATURAL  GAS. 


THE  MINER  RANCH  OIL  FIELD,  CONTRA  COSTA 
COUNTY,  CAL- 


By  Ralpu  Arnold. 


Location. — The  Miner  ranch  oil  field  is  located  on  Lauterwasser 
Creek,  one  of  the  branches  of  San  Pablo  Creek,  near  De  Laveaga, 
Contra  Costa  County,  Cal.  It  is  about  8  miles  north-northeast  of 
Oakland  and  is  reached  by  road  from  that  city  and  also  from  the 
several  towns  south  of  San  Pablo  Bay  and  west  of  Mount  Diablo. 
The  topography  in  the  vicinity  is  characterized  by  moderately  steep- 
sided  canyons  and  rounded  hills,  some  of  which  attain  an  elevation  of 
over  1,500  feet  above  the  adjacent  valleys.  .  The  elevation  at  the 
wells,  which  are  in  the  hills  inmiediately  south  of  Lauterwasser  Creek, 
is  between  500  and  700  feet  above  sea  level. 

Hli^TORY    OF    PETROIjBUM    PROSPECTING    IN    CONTRA 
COSTA  COUNTY.  6 

Contra  Costa  County  was  one  of  the  first  counties  in  California  in 
which  petroleum  was  discovered,  its  presence  being  known  as  far 
back  as  1864,  when  prospect  wells  were  drilled  IJ  miles  south  of  the 
Empire  coal  mine.  The  following  is  a  summary  of  the  attempted 
petroleum  devolopments  in  the  county  to  date : 

1864.  J.  W.  Cruikshank,  about  IJ  miles  south  of  the  Empire  coal  mine.     Several 

experimental  wells,  one  300  feet  deep;  green  oil  of  high  specific  gravity; 
pumped  about  15  barrels. 

1865.  Adams  Petroleum  Company,  on  Coates  estate,  south  of  Empire  coal  mine. 

Several  shallow  wells,  from  which  some  oil  was  obtained. 

a  The  writer  wishes  to  acknowledge  his  indebtedness  to  Dr.  J.  C.  Merriam,  of  Berkeley,  and  Mr.  W.  E. 
Holbrook,  president  of  the  American  Oil  and  Refinery  Company,  of  San  Francisco,  for  courtesies 
extended  and  assistance  rendered  during  the  examination  of  this  field. 

^The  information  contained  in  this  section  is  derived  largely  from  reports  by  W.  L.  Watts  in  Thir- 
teenth Rept.  California  State  Mineralogist,  1896,  pp.  570-571,  and  Bull.  No.  19  California  State  Mining 
Buieau,  1900,  pp.  15C-157. 
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1889.  Chandler  well,  on  Miner  ranch,  south  bank  of  Lauterwasser  Creek.     One  well, 
200  feet  deep,  yielded  small  quantity  of  heavy  oil  and  water. 

1895.  Cumming  well,  on  Miner  ranch,  one-fourth  mile  east  of  Chandler  well.     Pene- 

trates 20  feet  of  petroliferous  shale  and  then  280  feet  of  sandstone;  yielded 
traces  of  petroleum. 

1896.  Sonntag  well,  on  Allen  ranch,  one-half  mile  east  of  the  Cumming  well.     100  feet 

deep,  in  light-colored  sandstone. 

1899.  J.  W.  Laymance,  on  Old  Tar  ranch,  2  miles  east  of  San  Pablo.     170-foot  well, 

encountered  seepages  of  oil. 

1900.  Mount  Diablo  Oil  Company,  on  Old  Tar  ranch.    Several  wells  drilled  many 

years  ago;  drilling  operations  begun  again  in  1900,  but  failed  to  get  oil. 
American  Oil  and  Refinery  Company.     (See  body  of  this  report.) 
Contra  Costa  Oil  and  Petroleum  Company,  on  Coates  estate,  IJ  miles  south  of 

Empire  coal  mine.     One  or  more  wells. 
Grand  Pacific  Oil  Company,  on  Hodges  ranch,  1  mile  east  of  Lafayette.     One 

or  more  wells. 
Tide  Water  Oil  Development  Company,  Coates  estate,  1  mile  south  of  the  well 

site  of  the  Contra  Costa  Oil  and  Petroleum  Company;  ceased  operations  in 

1904. 
Sobrante  Oil  and  Investment  Company,  on  Castro  tract,  a  little  over  3  miles 

northeasterly  from  San  Pablo.     One  or  more  wells,    but  no  production; 

abandoned. 
San  Pablo  Oil  Company,  on  Mulford  ranch,  1  mile  northeast  of  San  Pablo. 

One  well  670  feet  deep;  traces  of  oil  and  considerable  gas;  now  abandoned. 
Point  Richmond  Oil  Company,  on  Mulford  ranch,  3  miles  northeast  of  San 

Pablo.     Two  100-foot  wells,  drilled  near  seepage,  but  got  no  production. 
Flood  ranch,  iJ  miles  south  of  Miner  ranch.     Old  well  with  traces  of  oil  on 

water. 
National  Paraffin  Company,  IJ  miles  northeast  of  Lafayette.     One  well,  1,694 

feet  deep;   no  production. 
Near  the  corner  of  sees.  9,  10,  15,  and  16,  T.  1  N.,  R.  1  E.,  Mount   Diablo 

meridian.     An  old  well  is  said  to  have  shown  traces  of  oil. 

Geology  and  structure. — The  principal  structural  feature  in  the  region 
of  the  Miner  ranch  is  a  southeastward-plunging  anticline  which 
crosses  Lauterwasser  Creek  just  east  of  the  ranch  house^  Along  the 
axis  of  this  fold  the  following  formations  are  exposed  in  order,  be- 
ginning a  mile  or  so  northwest  of  the  field  and  extending  to  its  south- 
east edge:  Tejon  (Eocene)  sandstone;  200 ±  feet  of  brown  sandstone, 
possibly  Vaqueros  (lower  Miocene);  800  ±  feet  of  "Monterey  (middle 
Miocene),  300  feet  shale  and  500 ±  feet  sandstone,  in  wliich  are  in- 
tercalated minor  quantities  of  soft  shale;  and,  finally,  the  feebly 
coherent  fresh-water  conglomerates,  sandstones,  and  shales  of  the 
Orindan  (PUocene)  formation  of  Lawson  and  Palache.*  The  petro- 
leum deposits  are  in  the  shales  and  sandstones  of  the  Miocene. 

The  sandstones  below  and  above  the  Monterey  shale  are  practically 
alike,  being  brown  to  gray  in  color,  medium  grained,  and  largely 
quartzitic.     The   upper   sandstone   is   locally  fossiUferous,  although 

oBull.  Dcpt.  Geology,  Univ.  California,  vol.  2,  1902,  p.  371. 
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the  state  of  preservation  of  the  fossils  usually  precludes  anything 
but  a  rough  identification.  The  Monterey  shale  is  fairly  hard  and  is 
dark  colored  in  fresh  exposures,  but  weathers  to  a  much  lighter  color. 
It  contains  many  of  the  yellow  and  gray  calcareous  concretions  so 
characteristic  of  the  Monterey  at  most  places  in  the  Coast  Range. 
The  shale  is  largely  organic  in  origin,  foraminifers  and  diatoms  being 
found  in  it  abundantly.  The  organic  remains  in  the  shale  are  be- 
lieved to  be  the  source  of  the  oil.  The  shale  is  considerably  con- 
torted, especially  near  the  axis  of  the  fold,  dips  of  42°  S.  86°  E.  and 
40°  S.  70°  E.  being  recorded  within  a  short  distance  of  each  other 
in  the  bed  of  Lauterwasser  Creek,  northeast  of  the  Miner  ranch  house. 
At  the  same  locality  the  shale  is  exceedingly  petrohferous,  yielding 
a  very  prominent  scum  of  Ught  oil  when  the  rock  in  the  stream  bed 
is  disturbed  with  a  pick.  The  dips  in  the  overlying  sandstone  are  not 
as  easily  obtainable  as  those  in  the  shale,  but  it  is  thought  that  the 
dip  on  the  northeast  flank  of  the  fold  grows  gradually  less  toward 
the  northeast. 

WeUs. — Eight  wells  have  been  drilled  in  the  Miner  ranch  field, 
none  of  which  have  so  far  been  successful.  They  range  in  depth 
from  about  570  feet  to  more  than  2,750  feet.  All  lie  on  the  north- 
east flank  of  the  Miner  ranch  anticline,  and  all  start  in  the  sand- 
stone above  the  Monterey  shale,  penetrating  at  first  the  upper  sands 
and  intercalated  soft  shales,  and  the  deeper  ones  eventually  reach- 
ing the  Monterey  shale.  All  the  wells  have  shown  more  or  less  gas; 
in  fact,  the  abundance  of  the  gas  is  one  of  the  characteristics  of  this 
field.  It  is  said  that  the  gas  pressure  was  responsible  for  the  collapse 
of  the  casing  in  at  least  two  of  the  wells.  One  well  is  said  to  have 
encoimtered  a  pocket  of  oil  at  a  depth  of  about  1,300  feet,  which 
flowed  300  barrels  of  oil  in  nine  hours.  This  is  the  only  well  in  the 
field  that  has  actually  produced  with  the  exception  of  the  Flood 
well,  li  miles  to  the  south,  which  is  reported  as  having  yielded  five 
barrels  of  29°  oil.  The  oil  and  gas  apparently  occur  in  pockets  or 
lenses  and  no  well-defined  oil  sand  or  petroliferous  zone  has  yet  been 
proved  to  be  present. 

Characteristics  of  the  oil  and  gas. — The  most  interesting  item  in 
connection  with  the  oil  from  the  Miner  ranch  field  is  its  relatively 
light  gravity,  said  to  be  about  29°,  as  compared  with  the  oils  from 
the  other  fields  in  the  State.  As  none  of  the  wells  were  producing 
oil  at  the  time  of  the  writer's  visit  (September,  1907),  it  has  been 
impossible  to  get  samples  of  the  oil  for  analysis  in  time  to  be  included 
in  this  report.  The  gas  from  the  Miner  ranch  field  is  noteworthy 
because  of  its  relatively  high  marsh-gas  content  as  compared  with 
many  of  the   gases   from  the  eastern   fields,  especially    those   of 
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Kansas.     Two  analyses**  of  the  gas  taken  at  Miner  ranch,  one  in 
1904  and  the  other  in  1907,  are  as  follows: 

Analyses  of  natural  gas  from  Miner  ranch  ^  Contra  Costa  County ,  CaL 


Marsh  gas  (CH<) per  cent. 

Hydrogen  (H|) do. . . 

Carbonic  acid  gas  (COj) do. . . 

Nitrogen  (N)  and  residuum do. . . 


Specific  gravity  (air=l),  calculated 

Calorific  value,  calculated,  British  ther- 
mal units 

Combustible per  cent. . 

Noncombustible do 


100.0 


0.558 

1,009 
96.3 
3.7 


Marsh  gas  (CH<) peK  cent. 

Hydrogen  (Hj) do. . . 

Loss  and  unestimated do. . . 


Calorific  value.  .British  thermal  units. 


92.3 
7.5 
0.2 


1,050.3 


1.  By  California  Gas  and  Electric  Co.,  San  Francisco,  1904. 

2.  By  A.  Auchie  Cunningham,  San  Francisco,  1907. 

Conclusions  concerning  future  development. — The  Miner  ranch  oi! 
field  seems  to  have  been  pretty  well  prospected  with  the  drill,  and  as 
no  productive  wells  have  so  far  been  brought  in  and  no  well-defined  oil 
sands  or  zones  discovered,  it  appears  reasonable  to  suppose  that  future 
development  will  fail  to  disclose  any  important  deposits  of  oil.  There 
is  no  question  that  considerable  quantities  of  oil  are  present  in  the 
Monterey  shale  and  adjacent  beds,  not  only  here  but  in  .other  parts  of 
the  county,  as  is  clearly  indicated  by  the  prospect  holes  and  surface 
evidence;  but  there  are  also  many  reasons  for  believing  that  this  oil  is 
so  uniformly  disseminated  in  the  shales  and  sands,  with  the  possible 
exception  of  local  and  relatively  unimportant  pockets,  as  to  preclude 
its  withdrawal  in  commercial  quantities  through  wells.  The  develop- 
ment of  gas  in  the  territory  is  another  matter,  but  as  the  oil  and  gas 
have  the  same  origin  and  are  influenced  similarly  by  the  same  condi- 
tions, it  is  believed  that  no  large  bodies  of  gas  are  contained  in  the  for- 
mations of  the  region.  Another  item  that  must  be  considered  in 
drawing  conclusions  concerning  the  future  of  this  field  is  that  the  or- 
ganic Monterey  shale,  which  is  believed  to  be  the  source  of  both  the  oil 
and  gas,  is  here  but  about  300  feet  thick,  an  amount  entirely  inade- 
quate under  the  most  favorable  conditions  for  supplying  large  quanti- 
ties of  hydrocarbons.  The  structural  conditions,  on  the  other  hand, 
are  in  general  favorable  for  the  accumulation  of  the  oil  and  gas  were 
they  present  in  sufficient  quantities  to  pay  for  exploitation. 


a  Tlu's*'  analysj's  hn\r  Ix-m  kindly  furnished  l)y  Mr.  \V.  E.  Holhrook,  president  of  the  American  Oil 
and  liofincry  Coiupany,  which  at  ])n'W'nt  holds  the  Miner  ranch  property. 


PETROLEUM  IN  SOUTHERN  UTAH. 


By  G.  B.  Richardson. 


INTRODUCTION. 

The  recent  discovery  of  petroleum  near  Virgin  City,  Utah,  has 
caused  much  local  excitement  and  attracted  considerable  capital. 
Outside  of  newspaper  items,  however,  very  little  has  been  published 
concerning  the  oil,  and  the  following  note  has  been  prepared  to 
help  supply  the  demand  for  information.  The  writer's  personal 
knowledge  of  the  field  is  limited  to  the  information  obtained  during 
a  day's  visit  to  Virgin  City  shortly  after  the  announcement  of  the 
discovery. 

liOCATION. 

Virgin  City  is  situated  on  Virgin  River  in  Washington  County,  in 
the  southwest  comer  of  Utah,  and  is  distant  about  90  miles  by  road 
from  Lund,  the  nearest  station  on  the  San  Pedro,  Los  Angeles  and 
Salt  Lake  Railroad.  The  new  oil  field  is  in  the  Plateau  province, 
near  the  eastern  boundary  of  the  Basin  Ranges.  The  country 
rises  northeastward  from  an  elevation  of  about  3,250  feet  at  Virgin 
City  to  over  10,000  feet  on  the  crest  of  the  plateau  30  miles  dis- 
tant. The  ascent  is  accomplished  by  successive  benches  which 
rise  steplike  one  above  another.  This  region  is  drained  by  Virgin 
River  and  its  tributaries,  which  for  many  miles  flow  through  steep 
narrow  canyons  among  some  of  the  grandest  scenery  on  the  continent. 
The  area  here  considered  is  included  in  the  region  covered  by  C.  E. 
Button's  report  on  *'The  Geology  of  the  High  Plateaus  of  Utah," 
published  in  1880. 

OITTIilNT^.  OF  GEOIiOGY. 

STRATIGRAPHY. 

This  portion  of  the  Plateau  province  is  underlain  by  almost  flat- 
lying  strata  which  range  in  age  from  Carboniferous  to  Eocene.  The 
several  formations  are  distinctly  marked  lithologically  and  are  char- 
acteristically  colored    so   that   they   can   be   readily  distinguished. 
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They  outcrop  in  broad  belts  extending  in  a  general  east- west  direc- 
tion, the  harder  rocks  forming  escarpments  and  the  softer  ones  the 
intervening  stretches.  The  oldest  formation  in  the  Virgin  City 
region  is  a  thick,  massive  gray  limestone  of  upper  Carboniferous  age 
which  underlies  the  broad  plateau  between  Virgin  River  and  the 
Grand  Canyon  of  the  Colorado.  Above  this  limestone  there  is  a 
mass  of  red  beds  of  variable  thickness,  in  the  vicinity  of  Virgin 
City  approximating  3,000  feet.  These  are  in  the  main,  soft,  thin- 
bedded  rocks,  chiefly  argillaceous  and  calcareous  shales,  with  some 
beds  of  sandstone  and  limestone.  The  group  of  red  rocks  is  separated 
into  two  distinct  parts  by  a  formation  composed  of  gray  sandstone 
and  conglomerate,  which  in  the  area  considered  is  less  than  100  feet 
thick,  though  in  Arizona  it  is  reported  to  be  much  thicker.  Occurring 
between  softer  rocks,  this  siliceous  formation  is  prominent  and  com- 
monly constitutes  a  broad  bench  capping  the  underlying  beds  in  a 
scarp,  while  the  upper  softer  rocks  have  been  eroded  from  the  plat- 
from  and  form  the  slope  of  the  next  succeeding  escarpment.  The 
rocks  beneath  the  prominent  sandstone  and  conglomerate  are  prob- 
ably of  Permian  age,  and  the  conglomerate,  with  the  overlying  red  beds, 
is  considered  to  be  Triassic.  The  lower  red  beds  are  the  oil-bearing 
rocks. 

Above  the  soft  red  beds  there  is  a  great  development  of  sandstone 
which  in  this  region  is  about  2,500  feet  thick.  The  lower  part  of  this 
sandstone  is  characteristically  dark  red;  the  upper  part  is  peculiarly 
cross-bedded  and  is  of  a  prevailing  light  color.  This  great  mass  of 
sandstone  is  the  most  conspicuous  geologic  feature  of  the  region.  It 
forms  prominent  cliffs  which  can  be  followed  for  many  miles  and 
through  which  deep  canyons  have  been  cut. 

The  sandstone  is  succeeded  by  about  1,200  feet  of  generally  soft 
varicolored  beds,  includint^  reddish  and  green  shales,  white  limestone, 
and  gypsum  of  Jurassic  age.  These  rocks  are  commonly  eroded  into 
badland  topography.  They  are  overlain  by  about  3,000  feet  of  buff 
and  gray  sandstones  and  shales  which  contain  workable  beds  of  coal 
and  are  of  Upper  Cretaceous  age.  Above  these  rocks  are  varicolored 
shale,  sandstone,  and  limestone  of  Eocene  age  which  outcrop  in  the 
Pink  Cliffs  and  cap  the  summit  of  the  high  plateaus. 

Although  the  rocks  of  the  plateau  region  in  the  vicinity  of  Virgin 
City  are  prevailingly  sedimentary,  there  are  small  areas  covered  by 
basaltic  lavas  of  post-Eocene  age. 

STRUCTURE. 

The  strata  in  general  dip  northeastward  at  a  low  angle,  averaging 
possibly  between  1°  and  2°.  The  continuity  of  the  beds  is  broken, 
however,  by  a  number  of  faults  trending  in  general  north  and  south, 
some  of  which  have  displacements  of  1,000  feet  or  more.     One  zone  of 
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dislocation  extends  approximately  along  Hurricane  Cliff,  through 
which  Virgin  River  cuts  its  way  about  7  miles  below  Virgin  City. 
This  zone  of  fracture  has  been  traced  from  the  Grand  Canyon  to 
Virgin  River  and  northward  along  the  western  base  of  the  plateau  in 
the  vicinity  of  the  Mormon  settlements  of  Torquerville,  Belleview, 
Kanarra,  and  Cedar  City.  Along  portions  of  this  zone,  especially 
between  Cedar  City  and  Kanarra,  the  strata  are  much  disturbed 
and  are  steeply  tilted.  Another  conspicuous  line  of  disturbance 
extends  along  the  headwaters  of  Virgin  River  in  what  is  known  as 
Long  Valley. 

OCCURRENCE   OF  PETROTjBUM. 

The  Carboniferous  Umestone  outcrops  a  few  miles  west  of  Virgin 
City  and  the  town  is  immediately  underlain  by  the  Permian  (?)  red 
beds,  in  which  Virgin  River  has  cut  a  relatively  broad  valley.  The 
overlying  sandstone-conglomerate  formation  marks  a  prominent 
bench  north,  east,  and  south  of  the  town,  beyond  which,  to  the  north 
and  east,  the  \ipper  red  beds  slope  up  to  the  base  of  the  escarpment 
made  by  the  massive  red  sandstone. 

Oil  seeps  have  long  been  known  in  the  vicinity  of  Virgin  City.  One 
of  them  occurs  close  to  the  river  about  IJ  miles  west  of  the  town,  and 
it  is  reported  that  the  existence  of  this  seep  was  the  cause  of  sinking 
the  discovery  well  in  the  summer  of  1907.  This  well  is  located  in  the 
flood  plain  of  North  Creek,  a  tributary  of  Virgin  River,  about  2  miles 
north  of  Virgin  City.  The  boring  was  started  in  the  lower  red  beds 
and  apparently  did  not  pass  through  them,  though  it  must  have 
stopped  not  far  from  the  bottom  of  the  formation,  near  the  Carbonif- 
erous limestone.  A  complete  record  of  the  drill  hole  was  not  kept. 
Oil  was  struck  on  July  13,  1907,  at  566  feet  below  the  surface  and  the 
well  was  sunk  to  610  feet.  The  oil  is  reported  to  stand  in  the  well  300 
feet  below  the  surface,  thus  being  under  pressure  sufficient  to  cause 
it  to  rise  266  feet.  A  few  hundred  barrels  are  said  to  have  been 
pumped  when  work  was  stopped  by  a  flood  on  July  27.  This  stage  of 
development  was  reached  when  the  writer  visited  the  field  a  few  days 
later. 

The  following  statement  of  conditions  at  Virgin  City  in  January, 
1908,  is  extracted  from  a  letter  from  Mr.  Thomas  Downey,  of  the 
Paraffin  Virgin  Oil  Company.  Fifteen  oil  rigs  were  then  in  the  field, 
but  only  four  were  being  operated.  Seven  wells  had  been  sunk 
supposedly  to  the  oil  horizon  and  some  oil  was  found  in  each,  but  the 
amounts  were  not  given  by  Mr.  Downey.  He  states,  however,  that 
none  are  as  good  as  the  discovery  well,  which  is  reported  to  produce 
about  10  barrels  in  twenty-four  hours.  Claims  have  been  staked  far 
and  wide,  but  oil  has  not  yet  been  reported  outside  of  the  immediate 
vicinity  of  Virgin  City. 
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The  occurrence  of  petroleum  in  red  beds  is  unusual.  Such  beds  in 
general  are  believed  to  have  accumulated  in  bodies  of  water  in  whit^h 
there  was  Uttle  life,  for  the  presence  of  much  organic  matter  would 
tend  to  reduce  the  ferric  salts  of  the  pigment  to  more  somber-colored 
compounds.  If  barren  conditions  existed  in  this  area  during  the 
deposition  of  the  red  beds,  the  source  of  the  petroleum  probably 
must  be  sought  in  the  decomposition  of  organic  matter  in  the  under- 
lying Carboniferous  limestone. 

QUAIilTY  OF  THE   Olli. 

A  small  samp-e  was  collected  by  the  writer  from  an  open  vat  in 
which  the  oil  had  been  exposed  to  the  weather  for  a  week  or  more. 
This  sample  was  examined  by  David  T.  Day,  who  reports  that  it  has  a 
specific  gravity  of  0.9225,  equivalent  to  22°  Baum6,  and  that  it 
contains  some  paraffin,  a  large  percentage  of  asphalt,  and  apparently 
considerable  sulphur,  including  hydrogen  sulphide.  A  larger  sample, 
received  by  Dr.  Day,  was  analyzed  by  him  with  the  following  results: 

Chemical  examination  of  crude  petroleum  from   Virgin  City^   Utah. 

Color,  black. 

Odor,  hydrogen  sulphide. 

Specific  gravity,  0.918  =  22.5°  Baum^. 

Results  of  distillation: 

Sample  began  to  boil  at  60°  Centigrade. 

Distillate  obtained —  Per  cent. 

Below  150°  C. — gasoline  and  naphtha 2. 1 

Between    150°    and    300°    C. — illuminating    oil    (specific 

gravity,  0.784) 19.  5 

Residue  (specific  gravity,  0.9475) 78.  4 

Examination  of  the  gasoline  and  illuminating  oils  obtained  aliove  showe^l  both  to 
be  principally  saturated  hydrocarbons,  probal)ly  cliiefly  of  the  paraflin  series.  Ex- 
amination of  the  residue  showed  it  to  contain  49.7  per  cent  of  asphalt  and  29.4  per 
cent  of  paraffin  wax,  the  remainder  consisting  of  heavy  oils  and  resinous  material. 
From  tlie  above  it  is  evident  that  though  a  satisfactory  illuminating  oil  can  be  obtaintHl 
from  this  Utah  crude  petroleum,  the  yield  is  comparatively  small  and  the  petroleum 
is  ])etter  suited  to  use  a,s  a  fuel  oil.  This  rendered  the  determination  of  the  sulphur 
advisable,  and  by  Carius's  method  the  result  was  0.45  per  cent.  Much  of  this  is  in  the 
form  of  hydrogen  sulphide,  easily  separated  by  steaming,  hence  the  oil  is  preferable 
for  fuel  j)urpo8es  to  Texas  oil.  The  percentage  of  sulphur  obtained  is  lower  than  that 
found  by  other  analysts,  the  difference  Ix'ing  probably  due  to  the  fact  that  this  sample 
was  taken  from  a  Imrrel  which  had  Ixm'u  stan<ling  a  month  or  more  since  tiiken  from 
the  well. 

lUTiniK   OF   TIIK   1  rF/LD. 

The  enc()uraf:;ing  news  that  petroleum  of  a  fair  grade  was  found  in 
promising  quantity  in  tlie  first  well  is  ofTset  l)y  the  fact  that  six  others 
have  been  sunk  \nthout  encountering  oil  in  paying  amounts.  Yet, 
considering  the  present  scanty  knowledge  of  the  conditions,  little  can 
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be  predicted  concerning  the  future  of  this  field.  Whether  oil  exists 
here  in  profitable  amount  can  be  determined  only  by  the  drill.  To 
judge  from  what  is  known  of  the  geology,  the  general  conditions  are 
not  unprpmising,  although  there  are  unfavorable  complications.  In 
many  oil-bearing  areas  an  anticlinal  structure  has  prevented  the 
escape  of  petroleimi  stored  in  the  rocks,  but  the  strata  here  are  not 
folded;  moreover,  the  Virgin  field  is  traversed  by  profound  faults 
that  possibly  provided  means  of  escape  for  oil  that  may  have  been 
present.  The  thickness  of  the  oil-bearing  stratum,  which  appears  to 
be  a  layer  of  sand  in  the  lower  red  beds,  has  not  been  reported  and 
whether  or  not  it  is  persistent  over  a  wide  area  is  undetermined. 
However,  the  stratigraphy  of  the  lower  red  beds  is  known  to  be  varied 
and  it  is  probable  that  the  oil-bearing  rocks  occur  as  lenses  rather  than 
as  persistent  beds.  If  the  petroleum  has  accumulated  in  lenses  of 
porous  sandstone  the  surrounding  relatively  impervious  shale  would 
tend  to  prevent  its  escape,  so  that  under  the  circumstances  this  pos- 
sible mode  of  occurrence  of  petroleimi  in  the  Virgin  field  is  fortunate 
rather  than  otherwise.  But,  on  the  other  hand,  such  hypothetical 
reservoirs  can  not  be  predicted  by  surface  indications  and  an  imusually 
large  element  of  chance  confronts  the  prospector. 

In  prospecting  in  the  possible  eastward  continuation  of  this  field, 
the  outcrop  of  the  massive  red  sandstone  that  lies  above  the  red  shale 
will  serve  as  a  valuable  aid.  It  would  be  futile  to  attempt  to  strike 
the  Virgin  City  oil  horizon  in  wells  situated  above  tliis  formation, 
because  of  the  great  thickness  of  the  rocks  that  would  have  to  be 
penetrated.  The  sandstone-conglomerate  formation  that  separates 
the  upper  and  lower  red  beds  is  also  an  important  horizon  marker 
in  following  the  oil-bearing  rocks.  It  should  be  borne  in  mind  that 
the  Virgin  City  oil  occurs  in  the  red  beds  beneath  this  siliceous  for- 
mation, which  usually  is  conspicuous. 


GAS  FIELDS  OF  THE  BIGHORN  BASIN,  WYOMING.: 


By  Chester  W.  Washburne. 


INTRODUCTION.  i 

A  strong  flow  of  natural  gas  has  recently  been  obtained  in  a  igjfi 
near  Gray  Bull,  Wyo.  In  view  of  the  wide  distribution  of  the  stni^ 
that  contain  the  gas  at  Gray  Bull,  and  the  signs  of  gas  at  other  jAtM% 
suggesting  the  further  extent  of  the  gas-producing  r^on,  a  deaaifff 
tion  of  the  field  seems  desirable. 

The  field  work  on  which  the  present  paper  is  based  was  done  in  Afl 
summer  of  1907  in  the  course  of  an  investigation  of  the  coal  dep<Mi|| 
and  general  geology,  made  under  the  direction  of  C.  A.  Fisher.  ]ij||| 
A.  Fishel  and  Homer  P.  Little  acted  as  field  assistants.  For  injl 
records  and  similar  data,  the  writer  is  indebted  to  Henry  Sherard 
and  PhiUp  Minor,  of  Basin,  Wyo.,  and  to  L.  A.  Corey,  of  Bridger, 
Mont. 

The  only  previous  mention  of  oil  or  gas  within  the  field  studied  by 
the  writer  is  in  the  report  by  C.  A.  Fisher  on  the  geology  and  wata 
resources  of  the  Bighorn  basin.**  Fisher  mentions  the  escape  of  g«|8 
from  alluvial  sands  near  Byron,  Wyo.,  and  from  a  dug  well  3  mike 
east  of  Basin,  Wyo. 

The  Bonanza  field,  close  to  the  southeast  comer  of  the  area  studied 
by  the  writer  (see  PI.  Ill),  has  been  described  by  several  geologisti. 
In  1888  L.  D.  Ricketts^  described  an  oil  spring  in  sec.  23,T.  49  N., 
R.  91  W.,  and  gave  an  analysis  of  the  oil.  Later  W.  C.  Knight*  alio 
mentioned  the  same  spring.  Knight  visited  the  Bonanza  oil  field 
in  1903  and  foimd  two  abandoned  wells,  one  of  which  is  reported  (0 
have  struck  some  oil,  the  other  only  artesian  water.  The  weDii, 
according  to  Knight,  were  poorly  located.  Fisher  <*  describes  thi 
oil  springs  near  Bonanza  and  gives  an  analysis  of  the  oil. 

a  Prof.  Paper  U.  S.  Geol.  Survey  No.  53,  p.  59. 
*  Rept.  Territorial  Geologist  of  Wyoming,  1888,  pp.  39-40. 
e  Bull.  Wyoming  Exp.  Sta.  No.  14, 1893,  p.  11. 
d  Loc.  cit. 
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GEOIiOGIC  CONDITIONS. 

STRATIGRAPHY. 
GENERAL    OUTLINE. 

A  knowledge  of  the  stratigraphic  column  is  most  important  to  the 
driller.     This  column  is  as  follows: 

Stratigraphic  column  in  Bighorn  basiny  Wyoming.a 


System  or  series. 


Tertiary. 


Group. 


Lower 
Eocene. 


Formation. 


Wasatch. 


Fort  Union. 


Thickness  1 
(feet). 


500+ 


Characteristics. 


Bright-colored  terrestrial  clays. 


1,000      to     Dark-colored  shale,  with  coal,  and  mass' 
2.000  ive  sandstone. 


Upper  Cretaceous. 


(?) 
Lower  Cretaceous. 


Laramie. 


ISO  to  700 


150 


Massive    sandstone    with    subordinate 
shale,  coal  bearing. 


Dark  marine  shale. 


inn  *^  Ann^  Variegated  terrestrial    clays    and    soft 
300  to  400  I      sanSstone. 


Montana. 


Colorado. 


Cloverly. 


4,400 


Massive  fresh- and  brackish- water  sand- 
stones and  dark  shale. 


Massive  fresh-  and  brackish-  water  sand- 
stones, separated  by  carbonaceous 
shale,  usually  coal  bearing. 


Dark  shale  with  one  or  two  conspicuous 
sandstones,  not  divisible  in  this  field, 
though  more  than  1,500  feet  of  the  low- 
er part  of  the  group  is  known  to  be 
equivalent  to  the  Benton  shale. 


0   to    275 


Bright-colored  terrestrial  clays,  with 
massive  sandstones  at  the  top  and 
bottom. 


Jurassic. 

-      -- 

Morrison. 

Sundance. 

Chugwater. 

Embar. 

250  to  350 

Bright,  variegated  terrestrial  clays  and 
soft  sandstone. 

Jurassic. 
(?) 

225 

600  to  800 

215 

Marine  limestone,  shale,  and  sandstone. 
"Red  Beds,"  bright-red  sandstone. 

Marine  limestone  with  red  shale  at  base. 

■ 

Pennsylvanian. 

Tensleep. 

85 

Sandstone. 

Arasden. 

90 

Red  shale  and  purplish  sandstone,  with  a 
little  limestone. 

Mississippian. 

Madison. 

1,000 

Massive-bedded  lime.stone. 

a  For  the  recognition  of  the  formations  in  the  field  the  writer  is  indebted  to  the  guidance  of  C.  A. 
Fisher.  The  subdivisions  of  the  Montana  group  are  correlated  with  similar  subdivisions  proposed  by 
Stanton  and  Hatcher,  in  the  Judith  River  region  of  northern  Montana.  (Stanton.  T.  W..  and  Hatcher, 
J.  B-.Oeology  and  paleontology  of  the  Judith  Riverbeds:  Bull.  U.  8.  Geol.  Survey  No.  257, 1906.)  This 
correlation  also  is  made  possible  through  the  work  of  Fisher,  who  has  traced  the  formations  southward 
from  the  type  locality  into  Wyoming  and  who  will  soon  publish  his  conclusions  on  the  subject  in  ot^^^\ 
the  scientillc  journals. 
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To  the  prospector  for  gas  the  essential  part  of  this  stratigraphic 
column  is  the  Colorado  formation,  the  lower  part  of  which  is  sum- 
marized in  the  following  table: 

Generalized  section  of  lower  part  of  Colorado  formation  in  Bighorn  basin^  Wyoftning. 

Feet 

Sandstone,  thin  bedded.  Referred  to  as  sandstone  B.  Absent  in  the  north- 
em  part  of  the  district 20-46 

Shales  with  a  few  thin  beds  of  sandstone  containing  a  little  gas  in  the  Torch- 
light dome,  and  both  gas  and  oil  in  the  well  3  miles  northeast  of  Basin  —         275 

Sandstone,  massive  yellow.     Referred  to  as  sandstone  A 65-100 

Shales,  black 186 

Shale,  gray,  sandy,  hard,  dense,  siliceous,  a  very  persistent  bed  and  a  con- 
spicuous ridge  maker  at  the  top  of  the  Mowry  shale 3-6 

Shales,  gray  and  black,  with  many  fossil  fish  scales;  contain  numerous  layers 
of  hard  flinty  shale,  and  one  3-foot  bed  of  bentonite;  the  Mowry  shale 200 

Shales,  dark  bluish  and  black,  with  a  few  beds  of  volcanic  ash  and  white 
clay  (bentonite)  in  the  upper  part 250 

Shales,  black,  carbonaceous,  in  many  places  oily,  locally  containing  one  or 
more  lenses  of  sandstone  in  the  lower  100  feet 300 

Sandstone,  thin  beds  3  to  18  inches  thick,  weathering  brown,  which  are  sepa- 
rated by  partings  of  black  shale  1  to  12  inches  thick;  the  "rusty  beds'* 20-100 

In  most  sections  the  total  thickness  of  this  part  of  the  formation 
is  about  1,350  feet. 

THE    GAS    HORIZON. 

Some  uncertainty  arises  from  the  lack  of  precise  knowledge  of  the 
gas  horizon.  There  can  be  no  doubt  that  the  gas  sand  is  close  to 
the  base  of  the  black  Colorado  shales,  but  it  can  not  yet  be  deter- 
mined whether  it  is  a  sandstone  in  the  lower  part  of  the  shales,  the 
''rusty  beds"  of  thin-bedded  sandstone  at  the  base  of  the  shales,  or 
the  underlying  Cloverly  sandstone.  This  range  of  uncertainty 
amounts  to  about  150  feet.  In  the  writer's  opinion,  based  on  tiie 
log  of  the  Gray  Bull  well,  the  gas  is  obtained  either  from  the  ''rusty 
beds"  at  the  base  of  the  Colorado,  or  from  some  sandstone  in  tiie 
shales  less  than  100  feet  above  the  "rusty  beds,"  with  the  proba- 
bilities strong  in  favor  of  the  latter  position.  Coarse,  hard,  porous 
sandstones  in  the  latter  positi(m  have  been  observed  at  a  number  of 
localities,  l)ut  they  are  lenticular  and  in  many  places  absent.  The 
"rusty  beds"  are  a  constant  feature  of  the  base  of  the  marine  Creta- 
ceous. Seemingly  they  are  as  a  group  a  true  basal  sandstone,  resting 
upon  a  rather  smooth  surface  of  erosion.  Beneath  this  erosional  sur- 
face at  some  localities  is  a  heavy  sandstone,  probably  the  lower  sand- 
stone of  the  Cloverly  formation;  but  at  most  places  the  Cloverly 
sandstone  is  absent  and  the  "rusty  beds"  rest  upon  maroon,  pink, 
or  bright-green  shales  which  are  regarded  as  part  of  the  Morrison 
formation,  though  they  may  belong  to  the  Cloverly.  There  can  be 
no  doubt  as  to  the  lenticular  nature  of  the  Cloverly  sandstone  and 
its  absence  over  most  of  the  area.  The  field  evidence  indicates  that 
the  sandstone  was  removed  by  erosion  before  the  deposition  of  the 
overlying  marine  strata  of  the  Upper  Cretaceous, 
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If  the  only  gas  horizon  is  that  of  the  Cloverly  sandstone,  prospect- 
ing in  the  region  will  be  most  uncertain  because  of  the  limited  distri- 
bution of  that  bed,  as  a  well  might  be  drilled  where  the  structure 
was  favorable  for  the  accumulation  of  gas,  yet  not  obtain  gas  because 
of  the  absence  of  the  Cloveriy  sandstone.  This  condition  is  illus- 
trated diagrammatically  in  fig.  21.  A  is  an  anticline  in  which  the 
lenticular  sandstone  near  the  bottom  of  the  Colorado,  the  *' rusty 
beds,^'  and  the  Cloverly  sandstone  are  all  three  present,  B  is  an 
anticline  in  which  the  ''rusty  beds''  are  the  only  possible  gas-bearing 
strata,  the  Cloverly  sandstone  having  been  removed  by  pre-Colorado 
erosion.     In  the  absence  of  the  Cloverly,  the  ''rusty  beds''  could 


Fig.  21.— Hypothetical  section  showing  gas-bearing  strata  present  in  anticline  A  and  absent  in  B. 

probably  serve  as  a  gas  reservoir.  Uncertainty  prevails  also  as  to 
the  distribution  of  the  lenses  of  sandstone  in  the  black  basal  Colo- 
rado shales.  These  lenses  may  or  may  not  be  present  at  any  locality 
where  a  well  might  be  located. 

SOURCES    OF   THE    OIL   AND   GAS. 

The  source  of  the  oil  and  gas  of  the  Colorado  sandstones  is 
probably  the  black  shales  at  the  base  of  the  Colorado.  These  shales 
are  oily  in  most  exposures  throughout  the  Rocky  Mountain  region. 
The  oil  of  the  ''Red  Beds"  and  of  the  Madison  limestone,  mentioned 
on  page  361,  is  probably  derived  from  the  latter  rock.  Both  of  the 
sources  here  noted  as  possible  are  marine  formations. 

STRUCTURE. 

The  Bighorn  basin  gas  fields  are  on  the  slopes  of  the  anticline 
of  the  Bighorn  Mountains.  The  dips  of  the  region  are  in  general 
westward  at  angles  of  5°  to  20°,  but  this  westward  slope  is  inter- 
rupted by  numerous  small  anticlines.  It  is  in  these  minor  folds 
that  gas  may  be  looked  for.  They  are  isolated  from  each  other 
and  rise  abruptly  from  the  surrounding  areas.  Most  of  them  have 
the  form  of  slightly  elongate  domes  with  broad  crests  and  gently 
inclined  ends.  The  ground  plans  of  the  anticlines,  as  shown  by  the 
maps,  are  elliptical,  with  the  major  axis  of  each  ellipse  parallel  to  the 
adjacent  front  of  the  Bighorn  Mountains. 

The  anticlines  of  importance  as  possible  sources  of  gas  are  situated 
about  15  to  20  miles  from  the  Bighorn  Mountain  front.  Their  crests 
at  the  surface  are  near  the  sandstones  about  1,000  feet  above  the 
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base  of  the  Colorado,  referred  to  as  sandstones  A  and  B,  or  in  the 
underlying  Mowry  shale  or  the  black  carbonaceous  shale  at  the 
base  of  the  Colorado.  Anticlines  whose  tops  are  in  strata  over 
1,500  feet  above  the  base  of  the  Colorado  need  not  be  considered 
as  possible  sources  of  gas,  for  many  years,  because  of  the  great 
depth  of  the  gas  horizon.  When  the  field  has  been  proved  the^ 
anticlines  may  become  sources  of  gas,  if  the  value  of  the  product 
should  warrant  such  deep  drilling.  Likewise,  those  anticlines  whose 
crest  is  in  rocks  close  to  the  base  of  the  Colorado  shale  are  not  to  be 
considered  as  sources  of  gas,  because  of  insuiSicient  cover.  The 
remaining  anticlines  which  may  be  considered  as  possible  gas  reser- 
voirs are  nine  in  number,  as  follows: 

Silvertip  anticline,  22  miles  south  of  Bridger,  Mont. 
Frannie  anticline,  1  mile  west  of  Frannie,  Wyo. 
Sage  Creek  anticline,  2  miles  south  of  Frannie,  Wyo. 
Garland  anticline,  5  miles  northeast  of  Garland,  Wyo. 
Byron  anticline,  3  miles  north  of  Byron,  Wyo. 
Ionia  anticline,  8  miles  northeast  of  Lovell,  Wyo. 
Alkali  anticline,  10  miles  south  of  Lovell,  Wyo. 
Peay  Hill  anticline,  2  miles  southwest  of  Gray  Bull,  Wyo. 
Torchlight  anticline,  3  miles  east  of  Basin,  Wyo. 

DETAILED  DESCRIPTIONS. 

PEAY    HILL   ANTICLINE. 

Along  Bighorn  River  near  Gray  Bull,  Wyo.,  there  is  a  small,  low 
anticline  about  2§  miles  long  and  2  miles  wide.  On  account  of  it^ 
broad,  flat  form  it  is  known  to  the  oil  drillers  as  the  ^'Peay  Hill 
dome."  A  gas  well  has  been  drilled  in  the  central  part  of  this  dome 
on  the  east  bank  of  Bighorn  River,  in  the  northwest  comer  of  sec.  21, 
T.  52  N.,  R.  93  W.  This  well  was  drilled  for  the  Peay  Hill  Oil  and 
Development  Company  by  Philip  Minor  and  Henry  Sherard,  to 
whom  the  writer  is  indebted  for  the  following  record: 

Logo/  the  Pcay  Uill  Oil  and  Development  Company's  gas  welly  H  miles  southeast  of  Gray 

Bull,  Wyo. 


Shale 

Shale,  hard,  dark,  probably  the  ridge-making  layer  of  the  Mowry 

Shale,  dark  colored 

Clay,  soft,  white,  probably  bentonite,  causing  the  well  to  cave  in  badly. 

Shale,  dark .' . . 

riay,  white,  sandy 

Shale,  black 

Shale,  thin  layer,  hard 

Shale,  black 

Rock,  thin  layer,  very  hard 

Shale,  black " 

Rock,  very  hard 

Shale,  black 

Rock,  hard 

Sandstone,  containing  gas  under  high  pressure  (base  not  rcjiched) 


Thickness.  Depth.* 


Feet.         i 

Fed, 

17 

17 

3-4 

20 

300 

320 

3 

323 

127 

450 

40-50 

495 

155 

650 

K?) 

651 

49 

700 

1(7) 

701 

49 

750 

7 

757 

38 

795 

5 

800 

1 

»1 

a  "  Depth"  In  aU  t\io\o6a  m  tb-va  paper  refers  to  the  base  of  the  respective  strata. 


GAS  IN   BIGHOBN   BASIN,  WYOMING.  353 

The  top  of  the  well  is  165  feet  below  the  base  of  a  massive  sandstone, 
65  to  75  feet  thick,  which  forms  the  top  of  the  bluffs  above  Gray  Bull. 
This  sandstone  will  be  referred  to  as  sandstone  A.  It  is  conspicuous 
in  nearly  all  its  outcrops,  and  hence  a  very  important  horizon  marker 
in  the  Colorado  formation.  The  Gray  Bull  gas  horizon  is  950  to  965 
feet  below  the  bottom  of  this  sandstone. 

The  diameter  of  this  well  is  5|  inches  and  its  depth  is  801  feet.  The 
well  is  cased  down  for  500  feet.  It  has  maintained  a  steady  roaring 
flame  over  50  feet  high  almost  from  the  time  it  was  drilled,  July  14, 
1907,  to  the  date  of  this  writing,  January,  1908.  It  is  reported  that 
the  initial  height  of  the  flame  was  about  70  feet,  but  this  can  not  be 
verified;  certainly  the  gas  well  is  one  of  remarkable  volume  and 
through  it  large  quantities  of  gas  have  escaped  from  this  reservoir. 
Some  idea  of  the  pressure  of  this  well  may  be  obtained  from  the  fact 
that  the  escaping  gas  is  sufficient  to  lift  a  large  log  chain  composed  of 
J-inch  iron.  No  instrumental  measurements  of  pressure  have  been 
made,  but  a  rough  calculation  based  on  the  size  of  stones  which  the  gas 
would  eject  shows  that  the  pressure  in  September,  1907,  was  over  600 
pounds  to  the  square  inch.  Whether  or  not  this  pressure  is  diminish- 
ing can  not  be  determined  now,  for  according  to  the  most  rehable  in- 
formation no  change  has  been  detected  up  to  the  present  time.  One 
of  the  strangest  featiu'es  of  this  occurrence  is  the  fact  that  the  well  is 
drilled  within  a  few  feet  of  a  normal  fault,  yet  obtains  gas  under  high 
pressure.  The  throw  of  the  fault  is  about  24  feet.  One-fourth  mile 
north  of  the  well  is  another  fault  the  throw  of  which  is  60  feet.  Henry 
Sherard  reports  a  10-foot  fault  in  the  sandstone  250  yards  south  of  the 
last-mentioned  fault. 

From  a  study  of  the  nearest  available  geologic  section,  made  about 
10  miles  northwest  of  Gray  Bull,  it  would  seem  highly  probable  that 
the  gas  in  the  Gray  Bull  well  is  obtained  from  a  lenticular,  nonpersist- 
ent  sandstone  about  100  or  150  feet  above  the  base  of  the  Colorado 
formation,  in  a  series  of  black  shales.  Such  a  sandstone  outcrops  on 
the  wagon  road  from  Shell  to  Lovell,  about  6  miles  northeast  of  the 
gas  well.  This  sandstone  is  coarse  grained  and  of  loose,  porous  tex- 
ture. It  is  about  10  or  15  feet  thick  and  from  its  porosity  it  would 
seem  to  be  well  suited  to  hold  gas.  When  examined  in  the  outcrop, 
however,  no  odor  of  oil  or  gas  could  be  detected  in  this  rock.  Another 
possible  position  of  the  gas'horizon  is  in  the  ** rusty  beds"  about  50  or 
100  feet  below  this  sandstone  Moreover,  it  is  thought  by  some  that 
the  gas  is  obtained  from  the  Cloverly  sandstone,  which  is  the  next  un- 
derlying member  of  the  stratigraphic  column.  The  maximum  strati- 
graphic  range  of  uncertainty  is  about  150  feet.  The  only  way  the 
Gray  Bull  gas  horizon  can  be  definitely  located  at  present  is  by  refer- 
ence to  the  first  sandstone  above  the  Mowry  shale.     This  sandstone  is 

47076— Bull.  340—08 23 
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exposed  on  the  river  bluffs  opposite  Gray  Bull,  and  may  be  designated 
sandstone  A.     The  gas  horizon  is  950  to  965  feet  below  its  bottom. 

The  drilling  of  the  Peay  Hill  well  near  Gray  Bull  is  very  important 
for  an  understanding  of  the  economic  geology  of  the  region.  It  is  the 
first  well  to  obtain  a  flow  of  gas  in  commercial  quantities,  and  it  fur- 
nishes an  important  lesson  for  the  drilling  of  wells  in  the  future  by  indi- 
cating the  caving  nature  of  the  soft  shales  encountered  in  drilling  and 
the  need  of  strong  casing.  On  account  of  the  lack  of  proper  casing  in 
this  well,  it  has  been  found  impossible  to  close  it  and  to  prevent  the 
escape  of  gas  in  valuable  quantities.  Unless  some  means  are  found  to 
stop  this  flow  of  gas  very  soon,  an  appreciable  diminution  of  pressure 
and  ultimate  exhaustion  of  the  well  may  be  expected. 

GARLAND   ANTICLINE. 

One  of  the  sharpest  and  most  pronounced  anticlines  of  the  region 
is  known  as  the  Garland  anticline.  This  fold  is  about  7  miles  long, 
extending  from  Polecat  Creek,  near  the  crossing  of  the  Cody  branch 
of  the  Chicago,  Burlington  and  Quincy  Railroad,  to  Shoshone  River,  1 
mile  above  Byron,  Wyo.  Three  wells  have  been  drilled  in  this  anti- 
cline about  2  miles  west  of  Byron  for  the  purpose  of  obtaining  oil,  but 
the  boring  did  not  penetrate  to  the  base  of  the  Colorado.  The  wells 
were  drilled  by  the  Montana  and  Wyoming  Oil  Company,  of  Billings, 
Mont.  The  depth  of  the  wells  is  about  900  feet.  The  well  first  drilled 
furnished  sufTicient  gas  to  run  the  engine  during  the  drilling  of  the 
second  and  third  wells.  Moreover,  gas  has  been  observed  by  Fisher" 
escaping  from  alluvial  sands  overlying  this  anticline.  The  wells  do 
not  reach  the  horizon  of  the  beds  that  yield  the  gas  near  Graj^  Bull, 
and  it  is  not  known  whether  or  not  the  anticline  contains  commercial 
quantities  of  gas. 

The  Gray  Bull  gas  horizon  at  the  base  of  the  Colorado  would  be 
found  at  a  depth  of  about  1,500  feet  beneath  the  highe-st  point  of  the 
axis  of  the  Garland  anticline*.  Gas  might  occur  in  commercial  quan- 
tities at  a  higher  horizon  if  sandstone  were  encountered  of  sufficient 
thickness  to  serve  as  a  reservoir.  This  may  be  inferred  from  the 
occurrence  of  gas  in  the  wells  near  Byron  at  various  horizons  in  the 
lower  part  of  the  Colorado  shale.  A  satisfactory  test  of  the  gas  field 
can  be  made  only  by  drilling  entirely  through  the  Colorado  into  the 
underlying  sandstone. 

The  three  wells  mentioned  above,  which  were  drilled  about  100 
yards  aj)art,  have  all  furnished  small  quantities  of  oil.  Accurate  logs 
of  the  wells  could  not  be  obtained  from  the  officers  of  the  company, 
and  hence  the  oil  horizon  can  not  be  located  closely.  Descriptions 
furnished  by  the  drillers,  however,  leave  no  doubt  that  the  oil  is 
obtained  from  a  thin  sandstone,  not  over  3  feet  thick,  in  the  upper 

a  Fisher,  C.  A.,  Trof.  Taper  U.  S.  Geol.  Survey  No.  53,  1906,  p.  60. 
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part  of  the  black  basal  Colorado  shales.  This  '*oil  sand"  is  overlain 
by  3  or  4  inches  of  fine-grained  limestone.  -So  far  as  the  writer  knows, 
this  is  the  only  limestone  ever  found  in  the  Colorado  formation  in  the 
Bighorn  basin.  If  the  limestone  outcrops  at  the  surface,  it  has  never 
been  observed.  The  quality  of  the  oil  is  very  high,  as  shown  by  the 
following  report  by  David  T.  Day  on  oil  from  well  No.  1 : 

The  oil  is  light  red  by  transmitted  light,  with  brilliant  green  fluorescence.  It  con- 
tains no  water.  The  odor  is  almost  like  that  of  Pennsylvania  oil,  and  apparently  the 
oil  contains  no  sulphur,  therefore  no  determii^tion  was  made.  Specific  gravity  at 
15**  C,  compared  with  water  at  4°  C,  is  0.8315.  The  specimen  in  the  small  bottle 
submitted  by  you  shows  O.8I6.0    Distillation  of  the  sample  gave  the  following  results: 

Initial  boiling  point  77®  C. 

Per  cent. 

Naphtha  (specific  gravity  0.722) 14 

Illuminating  oil  (specific  gravity  0.761) 28 

Light  lubricating  oil 17. 5 

Residue  suitable  for  cylinder  oil 36 

Loss 4. 5 

Such  an  oil  as  this  would  make  very  satisfactory  oil,  if  transportation  facilities  were 
afforded,  for  by  properly  adjusting  the  distillation  method  a  larger  percentage  of  illu- 
minating oil  could  be  obtained.  This  is  shown  by  the  low  specific  gravity  of  the 
distillates. 

The  quantity  of  oil  that  could  be  obtained  from  these  wells  is  not 
known  to  the  writer.  They  are  kept  tightly  closed,  and  no  tanks  or 
other  means  of  storing  the  oil  have  been  prepared.  Until  the  wells 
are  opened  and  their  flow  is  measured  for  a  period  of  several  days, 
their  capacity  must  remain  unknown.  In  the  absence  of  such  tests 
the  general  inference  is  that  these  wells  have  not  yielded  oil  in  com- 
mercial quantities. 

TORCHLIGHT  ANTICLINE. 

The  Torchlight  anticline,  or  ''dome,"  as  it  is  known  to  the  pros- 
pectors, is  about  3  miles  east  of  Basin,  Wyo.  The  dome  is  small, 
being  about  1  mile  long  and  one-half  mile  wide,  and  forms  part  of  a 
much  larger  anticline  extending  a  mile  or  more  to  the  northwest. 
The  dips  of  the  larger  anticline  are  so  gentle  that  it  seems  doubtful 
whether  its  structure  is  sufficiently  pronounced  to  favor  the  accumu- 
lation of  gas.  The  small  dome,  however,  must  be  considered  a 
favorable  structural  feature.  The  crest  of  this  little  dome  is  in  black 
shales,  probably  between  sandstones  A  and  B.  (See  section,  p.  350.) 
If  such  is  the  case,  the  gas  horizon  would  be  found  at  a  depth  of 
1,150  or  1,200  feet.  This  figure  is  uncertain  because  there  is  doubt 
as  to  the  correlation  of  the  sandstone  surrounding  the  gas  field,  here 
designated  sandstone  B.  It  is  thought  to  be  the  same  as  a  sandstone 
occurring  in  many  places  275  feet  above  sandstone  A. 

a  This  specimen  is  from  the  well  of  the  Union  Qas  and  Oil  Company,  Smiles  northeast  of  Basin,  Wyo. 
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The  Torchlight  Drilling  and  Mining  Association  (Limited),  of  Basin, 
Wyo.,  has  two  wells  on  tliis  anticline.  Both  wells  are  2  inches  in 
diameter.  Well  No.  1  is  106  feet  deep.  It  obtains  gas  from  sandy 
shale  between  depths  of  15  and  85  feet,  with  a  very  strong  flow  of 
gas  from  a  thin  sandstone  at  a  depth  of  60  feet.  This  sandstone 
carries  water  highly  charged  with  bitter  salts.  The  log  of  well  No.  2 
is  given  below.  The  principal  gas  horizon  of  this  well  is  a  30-foot 
thin-bedded  sandstone  encountered  at  a  depth  of  192  feet.  The  sand- 
stone is  saturated  with  gas  and  contains  some  oil.  The  pressure  of  the 
gas  is  between  35  and  55  pounds  per  square  inch,  so  that  ordinarily 
the  water  in  the  well,  standing  65  feet  from  the  surface,  holds  the  gas 
quiet,  but  when  the  water  is  pumped  out  to  a  depth  of  110  feet  there 
is  a  good  flow  of  gas.  Part  of  this  gas  is  used  to  supply  a  4-horse- 
power  engine  and  two  stoves  at  the  driller's  camp. 

The  soil  on  the  Torchlight  dome  is  in  places  impregnated  with 
bituminous  matter  which  has  escaped  from  the  underiying  rocks. 
An  open  pit,  8  feet  deep,  is  said  to  give  off  a  strong  odor  of  ammonia, 
probably  a  product  of  organic  decomposition. 

Log  of  well  No.  $,  Torchlight  Drilling  and  Mining  Association,  3  miles  east  of 

Basin,  Wyo. 


Bhale,  sandy 

Sandstone  A,  containing  "sulphur  water,  with  some  soda  and  iron;"  tiacesof  gas. 

Shale,  with  some  sandstone , 

Sandstone,  thin  bedded,  containing  gas  and  a  little  oil 


OTHER  FAVORABLE  LOCALITIES. 
SILVERTIP   ANTICLINE. 

The  Silvertip  anticline  is  on  the  State  line  between  Montana  and 
Wyoming,  about  20  miles  northwest  of  Garland,  Wyo.  The  heart  of 
the  anticline  is  a  depression  known  locally  as  Elk  Basin.  The  bound- 
aries of  this  basin  correspond  approximately  with  the  boundaries  of 
the  gas  field  which  might  be  developed  by  very  deep  drilling.  As 
thus  limited,  the  gas  field  would  be  about  3  miles  long  and  less  than  a 
mile  wide.  The  crest  of  the  anticline  is  in  the  upper  part  of  the 
Colorado  formation,  and  the  depth  to  the  rock  which  is  gas  bearing 
at  Gray  Bull  is  about  3,000  feet.  This  great  depth  precludes  the 
possibility  of  an  early  development  of  the  field,  if  indeed  it  should  be 
exploited  at  all.  But  the  structure  is  so  favorable  for  the  accumula- 
tion of  gas  at  tliis  point  that  the  possibility  of  the  field  needs  to  be 
pointed  out.  The  anticline  is  cut  by  many  cross  faults  trending  at 
right  angles  to  the  strike.     The  throw  of  some  of  these  faults  is  over 
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200  feet,  but  on  account  of  the  depth  of  the  gas  horizon^  it  is  believed 
that  they  would  not  interfere  with  the  accumulation  of  gas. 

FRANNIE   ANTICLINE. 

One  mile  west  of  Frannie,  Wyo.,  there  is  a  low  anticline  in  sand- 
stone A,  a  stratum  which  has  been  used  as  a  horizon  marker  through- 
out the  extent  of  the  field  studied.  The  depth  of  the  Gray  Bull  gas 
horizon  beneath  the  crest  of  this  anticline  is  about  1,000  or  1,100 
feet,  but  it  is  of  course  doubtful  whether  or  not  the  bed  is  actually 
gas  bearing  at  this  place.  The  anticline  is  crossed  by  a  fault  trending 
northeastward,  with  a  downthrow  of  about  50  feet  on  the  southeast 
side.  The  most  favorable  location  for  a  prospect  well  on  this  anticline 
would  be  near  the  southeast  comer  of  the  SW.  J  SW.  J  sec.  24,  T. 
58  N.,  R.  98  W. 

SAGE    CREEK   ANTICLINE. 

Another  anticline  about  2  miles  south  of  Frannie  station  is  here 
designated  the  Sage  Creek  anticline,  because  of  its  nearness  to  Sage 
Creek.  It  is  possibly  connected  with  the  Frannie  anticline,  which 
lies  3  miles  farther  northwest.  It  is  a  low  dome  of  sandstone  200 
yards  west  of  Sage  Creek,  on  the  south  line  of  sec.  6,  T.  57  N.,  R.  97  W. 
The  anticline  is  poorly  exposed,  being  partly  covered  by  drifting  sand, 
but  the  fact  that  sandstone  A  outcrops  in  flat  beds  at  this  point  is  suf- 
ficient to  indicate  the  presence  of  an  anticline.  The  area  within 
which  it  would  be  practicable  to  reach  the  Gray  Bull  gas  horizon  by 
drilling,  in  this  anticline,  is  very  small.  The  most  favorable  location 
for  a  well  would  be  about  200  yards  northeast  of  the  south  quarter 
comer  of  sec.  6.  The  gas  horizon  at  this  place  would  be  found  at  a 
depth  of  about  1,100  feet. 

BYRON   ANTICLINE. 

About  3  miles  northeast  of  Byron,  Wyo.,  there  is  an  anticline  on 
which  a  well  is  being  drilled  by  the  Montana  and  Wyoming  Oil  Com- 
pany, for  the  purpose  of  obtaining  oil  or  gas.  This  anticline  is  favor- 
ably situated  in  the  geologic  column  for  the  accumulation  of  gas,  and 
it  may  be  found  by  prospecting  that  the  Gray  Bull  gas  horizon  is  not 
too  deep.  The  writer  has  not  visited  this  locality  and  hence  has  no 
reliable  data  as  to  the  depth  of  the  gas  horizon,  but  it  will  probably  be 
deeper  here  than  in  the  Gray  Bull  anticline. 

IONIA    ANTICLINE. 

On  the  north  bank  of  Shoshone  River  about  8  miles  northeast  of 
Lovell,  Wyo.,  there  is  a  low  anticline  exposing  the  lower  Colorado 
sandstones.     These  sandstones  make  a  low  ridge  about  the  margin  of  the 
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anticline  witRin  which  the  Mowry  shale  outcrops  in  an  anticlinal  basin. 
The  structure  is  complicated  by  the  presence  of  several  normal  faults. 
The  throw  of  these  faults  probably  does  not  exceed  200  feet,  but  it  is 
not  definitely  known,  and  it  is  therefore  impossible  to  say  whether  or 
not  they  interfere  with  the  accumulation  of  gas.  Probably,  however, 
there  is  no  such  interference  even  if  the  faults  cut  the  gas-bearing 
strata,  because  similar  faults  are  known  in  the  Gray  Bull  anticline 
close  to  a  productive  gas  well.  Moreover,  there  are  extensively 
faulted  gas  fields  in  California,  Roumania,  and  other  parts  of  the 
world.  The  depth  of  the  Gray  Bull  gas  horizon  beneath  the  crest  of 
this  anticline  would  probably  be  about  800  feet,  but  as  in  all  other 
localities  not  yet  tested  by  adequate  drilling,  it  is  not  known  that  the 
beds  of  this  horizon  actually  contain  gas  in  the  Ionia  anticline. 

ALKALI   ANTICLINE. 

About  10  miles  southeast  of  Lovell,  Wyo.,  there  is  a  long,  narrow 
anticline  in  the  Colorado  shale.  The  northwest  end  of  the  anticline  is 
in  the  SW.  }  sec.  28,  T.  55  N.,  R.  95  W.  From  this  point  the  anticlme 
extends  over  6  miles  southeastward  to  a  point  within  14  miles  of  Gray 
Bull.  In  most  of  the  anticline  the  basal  Colorado  shales  are  exposed 
and  eroded  probably  nearly  to  their  base.  Hence  the  anticline  may 
not  be  a  good  gas  reservoir  on  account  of  insufficient  cover.  If  gas 
occurs  in  the  top  of  the  Cloverly  sandstone  or  in  the  sandstones  of 
the  '^  rusty  beds/'  as  thought  by  some,  it  would  be  found  at  vei^^  shal- 
low depths  in  the  greater  part  of  the  anticline.  Not  having  seen  the 
anticline,  the  writer  is  unable  to  estimate  the  actual  depth  of  the  Gray 
Bull  gas  horizon.  However,  it  is  probable  that  if  found  at  all,  the 
gas  would  be  at  a  depth  of  less  tlian  200  or  300  feet.  This  is  true 
especially  of  the  central  part  of  the  anticline.  In  case  it  seems  likely 
that  the  cover  of  shale  is  sufficient  to  protect  the^  gas  reserv^oir,  the 
most  favorable  locality  for  a  well  would  be  near  the  west  quarter 
corner  of  sec.  11,  T.  54  N.,  R.  95  W. 

The  northern  end  of  this  anticline  includes  a  subordinate  dome 
of  the  Mowry  shale.  Within  this  part  of  the  anticline,  the  gas 
stratum  would  l)c  covered  by  500  or  600  feet  of  shales,  and  for  tliis 
reason  the  locality  would  be  favorable  for  the  accumulation  of  gas. 
The  crest  of  the  anticline,  which  may  be  considered  the  most  favor- 
able point  for  the  location  of  a  gas  well,  is  in  the  SE.  \  SW.  J  sec.  28, 
T.  55  N.,  R.  95  W. 

A    POSSIBLE    DOME    NEAR    BASIN. 

A  well  is  being  drilled  for  gas  by  Henry  Sherard,  of  the  Union  Gas 
and  Oil  Company,  about  8  miles  northeast  of  Basin,  Wyo.,  near  the 
northwest  corner  of  sec.  11,  T.  51  X.,  R.  93  W.  The  structure  at  tliis 
locality  is  that  of  a  very  gentle  antic  linal  flexure  on  the  flanks  of  a 
larger  anticline  that,  exteivd'^  ixmw  iUii  Peay  Hill  dome  near  Gray  Bull 
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to  the  Torchlight  dome  3  miles  east  of  Basin.  The  structure  can  not 
be  thoroughly  worked  out  because  of  the  lack  of  exposures,  but  from 
the  tracing  of  a  thin  sandstone  along  the  hillside  it  would  seem  probable 
that  the  well  is  located  on  the  side  of  a  small  minor  anticline  of 
domical  form.  The  rocks  at  the  well  are  not  exposed,  but  from  the 
depth  of  sandstone  B  in  the  well,  it  is  probable  either  that  there  is  a 
fault  between  the  hillside  and  the  well,  or  that  the  concealed  rocks 
dip  westward  at  an  angle  of  over  10°. 

The  possible  dome  on  which  this  well  is  located  is  so  small  and  gentle 
that  it  must  be  regarded  as  a  structure  of  doubtful  favorability  for 
gas.  Such  a  faint  structure  may  indicate  a  more  pronounced  dome 
and  a  good  gas  reservoir  below,  or  the  structure  may  die  out  down- 
ward within  a  short  distance  and  no  gas  reservoir  be  nresent.  In  the 
latter  case,  the  location  of  the  well,  which  is  on  the  limb  of  the  larger 
anticline,  would  be  better  for  oil  or  water  than  for  gas,  should  either 
exist  in  commercial  quantities.  The  depth  of  the  Gray  Bull  gas 
horizon  at  this  well  is  between  1,450  and  1,500  feet. 

Log  of  the  Union  Gas  and  Oil  Company^ s  Well  No.  1,  S  miles  northeast  of  Basing  Wye, 


Thickness.    Depth, 


Shale,  yellowish. . ! 

Shale,  gray 

Sandstone,  light  gray,  probably  sandstone  B 

Shale,  light  gray 

Shale,  black  with  thin  beds  of  brown  fine-grained  sandstone  containing  some  gas 

and  oiL 

Shale,  light  gray,  with  a  little  grit;  small  amount  of  gas  and  oil 

Shale,  sandy,  with  some  gas 

Shale,  dark,  with  some  very  hard  layers 

Shale,  gray 

Sandstone,  with  sas  and  water:  doubtless  sandstone  A 

Shale,  sandy,  with  a  little  water 

Shale,  dark  gray. 


Feet.  Feet. 

6  6 

111  ,  117 

43  160 

37  197 

22  '  219 

27  !  246 

79  325 

76  1  400 

41  441 
64  505 

42  547 
157  704 


DOUBTFUL  ANTICLINES. 

At  a  few  places  along  the  eastern  border  of  the  Bighorn  basin  there 
are  indications  of  anticlinal  folds  whose  precise  form  is  unknown. 
These  anticlines  were  not  studied  in  the  field  and  it  is  not  possible  at 
this  time  to  say  whether  or  not  they  may  be  possible  gas  fields. 

In  the  NW.  i  sec.  14,  T.  7  S.,  R.  23  E.,  about  4  miles  south-south- 
east of  Bridger,  Mont.,  there  is  a  small  dome  or  partial  dome  of  this 
sort  in  sandstone  A.  Only  the  western  and  northern  sides  of  this 
dome  were  seen  and  it  is  possible  that  the  structure  is  not  complete, 
as  no  eastward  or  southward  dips  have  been  determined.  However, 
the  locality  is  worthy  of  investigation  by  any  prospector  who  may 
desire  to  bore  for  gas  in  that  locality. 

In  the  flats  north  of  Cowley  and  Lovell,  Wyo.,  there  may  be  small 
anticlines  that  were  not  discovered  in  the  field.  At  the  time  the 
geology  of  that  neighborhood  was  studied,  the  economic  importance 
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of  anticlines  was  not  realized,  and  no  special  pains  were  taken  to  find 
them.  They  would  be  diflScult  to  detect  in  the  flats  because  there  is 
no  outcrop  of  any  rock  except  the  Colorado  shale,  in  which  faint 
structural  features  are  hard  to  see. 

The  shale  hills  east  of  Basin,  in  the  western  part  of  T.  51  N.,  R.  92 
W.,  and  the  northeastern  part  of  T.  51  N.,  R.  93  W.,  have  a  broad 
anticlinal  structure.  Gas  njight  accumulate  in  this  anticline,  but 
the  depth  to  the  Gray  Bull  gas  horizon  would  be  more  than  2,000  feet. 

Outside  of  the  region  embraced  in  this  report,  there  are  doubtless  a 
great  many  anticlines  just  as  suitable  for  the  acciunulation  of  gas. 
These  have  not  been  tested  as  yet,  and  it  is  not  wise  to  predict  that 
gas  will  or  will  not  be  found  in  them  until  such  tests  have  been  made. 
The  map  of  the  Bighorn  basin  made  by  C.  A.  Fisher  *  shows  that 
favorable  structural  conditions  are  present  in  the  southern  and 
western  margins  of  the  basin.  One  of  the  anticlines  shown  on  this 
map  is  about  6  miles  southwest  of  the  Morrison  ranch,  in  T.  44  N.,  Rs. 
97-98  W.;  another  is  near  Sunshine,  in  T.  47  N.,  R.  101  W.;  another 
near  Four  bear,  in  T.  48  N.,  R.  103  W.;  another  near  Pitchfork  ranch, 
in  T.  48  N.,  R.  102  W.;  another  in  the  southern  part  of  Oregon  basin, 
about  10  miles  southeast  of  Cody,  Wyo.;  and  another  on  Shoshone 
River  at  the  mouth  of  Cottonwood  Creek,  1  mile  east  of  Cody. 
Fisher^  mentions  a  well  drilled  for  oil  on  the  Cottonwood  Creek 
anticline,  but  does  not  state  the  depth  of  the  well,  and  hence  it  is 
uncertain  whether  or  not  it  reached  the  Gray  Bull  gas  horizon  at  the 
base  of  the  Colorado. 

E.  G.  Woodruff,  of  the  United  States  Geological  Survey,  informs 
the  writer  that  the  lower  part  of  the  Colorado  shale  is  exposed  in  an 
anticline  in  upper  Buffalo  basin  and  in  another  anticline  on  Grass 
Creek  in  the  southwest  part  of  the  Bighorn  basin.  These  anticlines 
are  indicated  on  Fisher's  map  by  patches  of  so-called  ''Pierre  shale" 
in  T.  47  N.,  R.  100  W.,  and  T.  46  N.,  R.  98  W. 

W.  C.  Knight ""  has  described  an  anticline  in  Colorado  shale  near  the 
head  of  Cottonwood  Creek,  15  miles  east  of  Worland.  By  digging  out 
a  mud  spring  on  tliis  anticline,  in  or  near  sec.  29,  T.  47  N.,  R.  90  W., 
Knight  was  able  to  obtain  some  light-green  oil  which  was  analyzed  by 
E.  E.  Slosson.'' 

It  is,  of  course,  not  possible  to  predict  the  occurrence  of  gas  in  anti- 
clines so  far  away  from  those  which  have  actually  been  tested.  The 
writer  merely  desires  to  call  attention  to  the  existence  at  these  places 
of  favorable  structural  features  in  the  same  strata  that  bear  gas  near 
Basin,  Gray  Bull,  and  Byron.     At  present  there  is  no  reason  to  think 


a  Prof.  Paper  U.  S.  Gool.  Siirvoy  No.  r»3,  1906.  PI.  III. 
6  Op  cit.,  p.  59. 

c  The  Bonanza,  Cottonwood,  and  Douglas  oil  fields:  Bull.  No.  6,  Petroleum  series,  Univ.  Wyoming 
School  of  Mines,  July   1903,  pp.  14-17. 
d  Knight,  W.  C,  op.  cit.,  p.  27. 
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that  gas  will  be  found  on  the  west  side  of  the  Bighorn  basin,  though 
the  possibility  must  be  admitted. 

It  should  be  kept  in  mind  that  at  the  present  time  only  one  well 
has  been  drilled  down  to  the  principal  gas  horizon.  This  well,  which 
is  2  miles  south  of  Gray  Bull,  yields  a  strong  flow  of  gas,  and  inasmuch 
as  the  strata  containing  the  gas  here  remain  apparently  unchanged  in 
character  throughout  the  region  and  as  gas  escapes  from  these  strata 
at  widely  separated  places,  an  extension  of  the  gas  field  may  well  be 
inferred.  Certainly  the  existence  of  favorable  structure  in  the  same 
rocks  close  to  the  Gray  Bull  well  warrants  the  drilling  of  test  wells. 
It  should  be  noted  that  the  writer  makes  no  prediction  that  gas  will 
or  will  not  be  found  in  any  of  the  anticlines. 

INDICATIONS   OF   OTHER   POSSIBLE   GAS   AND  OIL 

HORIZONS. 

The  Madison  limestone  in  Sheep  Canyon,  15  miles  north  of  Basin, 
shows  many  signs  of  oil.  The  rock  is  black  in  places  from  the  con- 
tained carbonaceous  material  and  has  a  distinct  oily  smell  when 
freshly  broken.  It  is  reported  that  there  was  a  small  oil  spring  in  this 
canyon  before  the  railroad  was  built  but  that  the  spring  has  been 
covered  by  the  railroad  grade.  The  occurrence  of  asphaltum  or 
other  soUd  hydrocarbons  in  many  small  cavities  and  fissures  in  the 
Madison  limestone  is  further  proof  of  the  existence  of  oil  in  that  rock. 

Considering  the  fact  that  oil  has  been  found  near  Lander,  Wyo.,  in 
rocks  of  Carboniferous  age,  it  would  seem  not  unlikely  that  it  might 
also  be  found  here.  However,  the  wells  which  have  been  drilled  near 
Bonanza,  about  25  miles  southeast  of  Basin,  where  the  structure  is 
favorable  for  the  accumulation  of  oil  and  gas,  were  unsuccessful. 
These  wells  are  described  in  Fisher's  report  on  the  Bighorn  basin.® 

W.  W.  Peay,  of  Basin,  reports  a  bed  of  asphalt  mixed  with  sand 
and  rock  on  the  head  of  Alkali  Creek,  one-half  to  i  mile  north  of  the 
wagon  road  between  Hyattville  and  Shell.  Mr.  Peay  states  that  in 
T.  52  N.,  R.  90  W.,  the  following  land  has  been  filed  on  for  the  pur- 
pose of  quarrying  the  asphalt:  SE.  J  sec.  29,  SW.  J  sec.  28,  NE.  J 
sec.  32,  NW.  i  sec.  33.  The  asphalt  occurs  in  ''blanket"  form,  as 
a  bed  10  feet  thick,  lying  on  a  hilly  surface  of  limestone  or  sandstone. 
About  half  of  the  bed  is  reported  to  be  asphalt,  and  the  remainder 
to  be  sand  and  rock  which  the  asphalt  binds  together  in  a  firm  mass. 
The  bed  is  overlain  by  10  feet  or  more  of  incoherent  rock  fragments 
and  soil.  Apparently  the  asphalt  has  exuded  from  the  Pennsyl- 
vanian  rocks  at  this  place  and  cemented  the  base  of  the  rock  mantle. 
The  occurrence  of  so  large  a  deposit  of  asphalt  is  an  excellent  argu- 
ment for  the  presence  of  oil  in  the  upper  Paleozoic  strata. 

a  Fisher,  C.  A.,  Prof.  Paper  U.  S.  Geol.  Survey  No.  53,  1906,  p.  50. 
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The  strata  next  overlying  the  Pennsylvanian  rocks  are  the  "Red 
Beds/'  which  also  contain  signs  of  oil.  On  an  anticline  7  miles 
southeast  of  Bridger,  Mont.,  according  to  C.  A.  Fisher,  the  "Red 
Bejds"  contain  a  stratum  of  coarse-grained  greenish  sandstone  about 
10  feet  thick  highly  impregnated  with  oil. 

UTIL.IZATIO^r   OF   THE   GAS. 

So  far,  no  use  has  been  made  of  the  gas  escaping  from  the  Gray 
Bull  gas  well.  Except  in  the  city  of  Basin,  which  in  1907  had  about 
1,000  inhabitants,  there  will  be  little  demand  for  gas  for  lighting 
purposes  until  the  population  of  the  district  increases  considerably. 
An  important  use  might  be  in  connection  with  sugar  factories, 
which  are  greatly  needed  to  care  for  the  sugar  beets  grown  on  the 
irrigated  lands.  At  present  the  nearest  sugar  factory  is  at  Billings, 
to  which  the  beets  are  shipped  195  miles  by  rail  at  a  cost  of  5  cents 
per  hundredweight.  As  coal  is  abundant  and  would  be  cheap,  if 
mined  on  a  large  scale,  the  gas  can  not  compete  with  it  except  very 
close  to  the  wells.  Fortunately  the  productive  well  near  Gray  Bull 
is  less  than  2,000  feet  from  the  Chicago,  Burlington  and  Quincy 
Railroad,  beside  which  there  is  a  most  excellent  location  for  a  sugar- 
beet  factory  or  other  industrial  plant.  The  well  being  drilled  by  the 
Union  Gas  and  Oil  Company  near  Basin  and  some  of  the  other 
possible  gas  fields  described  in  this  paper,  are  also  close  to  good 
factory  sites  on  the  railroad. 

SUGGKSTIONS   TO   PROSPECTORS. 

The  conditions  on  the  east  side  of  the  Bighorn  basin  are  favorable 
for  the  prospector.  Rock  exposures  are  good  and  abundant;  the 
structure  is  simple;  the  topography  is  of  gentle  relief;  there  is  no 
timber  except  on*  the  river  bottom.  The  Chicago,  Burlington  and 
Quincy  Railroad  traverses  the  field  for  its  entire  length,  and  in  the 
summer  heavy  machinery  can  easily  be  hauled  from  the  railroad  to 
almost  any  point  in  the  basin  over  the  wagon  roads  and  plains. 

Drilling  is  not  expensive.  It  is  reported  on  good  authority  that 
the  cost  of  drilling  the  present  gas  wells  near  Basin  and  Gray  Bull 
is  less  than  $1  a  foot,  for  a  well  800  feet  deep.  To  this  should  be 
added  about  $1  a  foot  for  casing.  The  softness  of  the  Colorado 
shale  makes  this  low  cost  of  drilling  possible;  unfortunately,  it 
necessitates  casing  the  greater  part  of  every  well.  Some  beds  of 
white  clay,  probably  bentonite,  are  especially  troublesome.  When 
the  water  of  a  v,  ell  reaches  this  clay  it  softens  and  flows  slowly  into 
the  well.     There  is  much  caving  also  in  all  parts  of  the  Colorado  shale. 

In  searching  for  possible  gas  fields  in  this  region  the  important 
strata  to  observe  are  the  sandstones  in  the  lower  part  of  the  Colo- 
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rado  formation  referred  to  in  this  paper  as  sandstones  A  and  B  (see 
section  on  p.  350),  and  the  immediately  underlying  Mowry  shale. 
The  latter  are  hard  siliceous  and  calcareous  shales,  containing  many 
fossil  fish  scales  and  forming  conspicuous  ridges.  Both  the  sand- 
stones and  the  Mowry  shale  have"  prominent  outcrops  and  hence 
they  are  most  serviceable  to  the  prospector  in  his  search  for  anti- 
clines. Anticlines  in  the  Colorado  shales  probably  exist,  but  none 
have  been  found,  possibly  on  accoimt  of  the  poor  exposure  of  these 
shales  when  they  have  low  dips.  The  map  (PI.  Ill)  shows  all  the 
favorable  anticlines  within  its  borders  that  are  indicated  by  outcrops 
of  sandstones  A  and  B. 


THE  lABARGE  OIL  FIELD,  CENTRAL  UINTA  COUNTY, 

WYO. 


By  Alfred  R.  Schultz. 


INTRODUCTION. 

This  paper  is  a  brief  statement  of  some  observations  made  by  the 
writer  during  the  summers  of  1905  and  1906  while  examining  the 
coal  fields  in  southern  and  central  Uinta  County,  Wyo.  It  is  the 
purpose  to  give  a  short  description  of  the  occiurence  of  oil  in  Uinta 
County  and  to  point  out  the  probable  geologic  relations  of  the  oil- 
bearing  beds  furnishing  the  oil  recently  discovered  east  of  Labarge 
Ridge  to  the  oil-bearing  shale  that  gives  rise  to  the  oil  springs  and 
wells  in  southern  Uinta  County. 

HISTORICAX.  SKETCH. 

The  occurrence  of  oil  in  southwestern  Wyoming  has  been  kno\^Ti 
for  nearly  three-fourths  of  a  century.  Many  of  the  early  trappers 
and  fur  traders,  who  built  Fort  Bonneville  and  the  trading  post  at 
Fort  Bridger,  knew  the  location  of  the  oil  springs  in  this  region  and 
visited  them  in  their  annual  trapping  tours.  The  first  pubUshed 
account  of  oil  in  southwestern  Wyoming  was  the  result  of  an  exami- 
nation made  by  the  Mormons  in  1847  on  their  pioneer  journey  across 
the  great  plains.  For  a  brief  liistorical  sketch  of  the  discovery  of 
the  oil  springs  on  Hilliard  Flat,  the  Carter  oil  spring,  and  those  in 
the  Fossil  syncline  near  Fossil,  Wyo.,  the  reader  is  referred  to  the 
preUminary  report  °  on  coal  and  oil  in  southern  Uinta  County. 

A  few  miles  southwest  of  the  Carter  oil  spring,  in  sec.  7,  T.  14  X., 
R.  118  W.,  oil  was  found  by  the  Oregon  Short  Line  Railroad  in  1900 
and  1902,  while  constructing  the  Aspen  tunnel,  and  a  considerable  oil 
seepage  was  encountered  along  the  fault  plane  about  1,600  feet  from 
the  west  portal  of  the  tunnel.  The  oil  springs  along  the  east  front 
of  Absaroka  Ridge  north  of  Kemmerer  were  probably  referred  to  in 
Lander's  report  of  1859,^  where  he  makes  the  general  statement  that 

oVeatch,  A.  C,  Bull.  U.  S.  Gcol.  Survey  No.  285,  1906,  pp.  342-344. 

6  Lander,  F.  W.,  Preliminary  report  upon  explorations  west  of  South  Pass  for  a  suitable  localitT 
for  the  Fort  Kearney,  South  Pass,  and  Honey  Lake  wagon  route;  35th  Cong.,  2d  sess.,  Senate  Dw. 
No.  36,  vol.  10,  p.  33. 
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in  the  mountains  along  the  divide  in  latitude  42°  north  there  are 
'*BlWs  of  coal,  iron,  and  slate  and  a  spring  of  peculiar  mineral  oil 
which  by  chemical  process  may  be  made  suitable  for  lubricating 
machinery."  No  further  description  of  the  spring  is  given  and  the 
exact  location  is  not  known.  The  later  geologic  reports  do  not  men- 
tion oil  springs  north  of  the  Fossil  locality.  A  brief  description  of 
the  oil  springs  in  southern  Uinta  County  is  given  in  the  Wyoming 
reports  by  W.  C.  Knight  and  E.  E.  Slosson.*  For  a  full  discussion 
of  the  oil  discovery  in  the  vicinity  of  Spring  Valley  and  of  the  devel- 
opments in  southern  Uinta  County  from  1900  to  1905,  the  reader  is 
referred  to  the  reports  of  A.  C.  Veatch.''  Since  1905  prospecting 
and  development  work  have  continued  in  the  region  about  Spring 
Valley.  The  Pittsburg-Salt  Lake  Oil  Company  has  filed  proof  of 
labor  on  most  of  its  property  and  the  people  interested  in  oil  are 
holding  their  locations.  The  Pittsburg-Salt  Lake  Oil  Company  dis- 
continued drilUng  about  December  15,  1907,  and  will  commence 
drilling  again  in  the  spring.  The  International  Consolidated  Oil 
Company  is  putting  down  a  couple  of  wells  and  has  been  working 
all  winter.  Two  other  companies  expect  to  begin  work  soon  and 
the  outlook  is  very  promising  for  a  great  deal  of  development  work 
the  coming  summer.  During  the  last  three  months  of  1907  the 
Pittsburg-Salt  Lake  Oil  Company  shipped  seven  cars  of  refined  oil 
and  two  cars  of  gasoline. 

North  of  Kemmerer  no  prospecting  for  oil  was  carried  on  during 
the  oil  excitement  in  southern  Uinta  County.  Oil  discoveries  have 
been  reported,  however,  at  various  times  from  several  localities  along 
the  east  front  of  Absaroka  Ridge  and  from  Green  River  basin  east  of 
Meridian  Ridge  and  Thompson  Plateau.  Considerable  excitement 
was  caused  during  the  summer  of  1907  by  the  discovery  of  oil  east  of 
Labarge  Ridge  in  T.  27  N.,  R.  113  W.  Numerous  placer  claims  were 
soon  staked  out  over  the  country  between  Labarge  Ridge  and  Green 
River.  Plans  were  outlined  to  prospect  this  region  by  chum-  and 
diamond-drill  borings  during  the  coming  season.  While  visiting  the 
Labarge  Ridge  locality  in  September,  1907,  the  writer  had  an  oppor- 
tunity to  examine  this  field  hurriedly  and  collect  a  sample  of  oil  from 
one  of  the  shallow  prospect  wells  shown  on  the  accompanying  map 

(PI.  IV). 

liOCATION  AND  TOPOGRAPHY. 

The  Labarge  oil  field  lies  along  the  east  base  of  Labarge  Ridge  and 
extends  from  Labarge  Creek  northward  to  the  vicinity  of  South  Piney 
Creek  in  T.  28  N.,  R.  113  W.  (See  PI.  IV.)  The  greater  portion  of 
the  area  forms  a  plain  sloping  gently  eastward  toward  Green  River. 

a  Bull.  No.  3,  Petroleum  series,  School  of  Mines,  Univ.  Wyoming,  1899. 

ft  Bull.  U.  S.  Geol.  Survey  No.  285,  1906,  pp.  342-353;  Prof.  Paper  U.  S.  Geol.  Survey  No.  56,  1907, 
pp.  139-162. 
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Tertiary  topography,  with  its  characteristic  mesas  and  highly  col- 
ored escarpments,  is  prominent  in  the  western  half  of  the  area  and 
along  part  of  Green  River.  On  the  west  the  area  is  bounded  by 
Labarge  Ridge,  which  forms  a  prominent  range  500  to  1,500  feet 
higher  than  the  adjacent  country  and  attains  an  elevation  of  9,200 
feet  at  several  points  along  its  crest.  The  topographic  features  of 
this  range,  which  is  composed  of  Carboniferous,  Devonian,  and  Cam- 
brian rocks,  afford  a  marked  contrast  to  those  of  the  Tertiary  beds 
east  of  the  range.  For  a  brief  description  of  the  surface  features  of 
the  region  west  of  Labarge  Ridge,  the  reader  is  referred  to  a  prelimi- 
nary report*  on  the  coal  in  central  Uinta  County. 

GEOLiOGIC    SUCCESSION. 

The  succession  of  the  Tertiary  and  Cretaceous  rocks  in  this  general 
region,  together  with  their  economic  importance,  is  given  in  the 
accompanying  table. 

Only  a  part  of  the  geologic  section  is  exposed  in  the  Labai^e  Ridge 
locality.  The  beds  composing  that  ridge  consist  of  "Upper  Cam- 
brian," Devonian,  and  Carboniferous  rocks,  and  east  of  the  ridge  are 
small  exposures  of  Adaville  and  Hilliard  beds,  covered  throughout  the 
greater  part  of  the  region  by  the  nearly  horizontal  Tertiary  strata. 

Generalized  section  of  Tertiary  and  Cretaceous  rocks  in  central  Uinta  County ^  Wyo. 


Sys- 
tem. 


Group.       Formation. 


Thick- 
ness 
(feet). 


Characteristics. 


_i_ 


Otf 


Green  Rlver.6 


Thin-bedded  shales,  sand- 
stones, and  limestones,  for 
the  most  part  light  colored. 


L 


Knight. 


Unconformity, 


Almy. 


---  Unconformity. 


Beds  of  red  and  yellow  sandv 
clays  interlaminated  with 
white,  gray ,  and  yellow  sand- 
stones. Local  areas  of  con- 
cretionary limestone. 


Economic  value. 


East  of  Labaree  Ridee 
yields  oil  which  has  prob- 
ably risen  from  underlying 
Cretaceous  beds. 


Red  and  yellowish-white  con-  i 
glomcratcs,  sandstones,  and 
sandy  clays. 


Gray  and  yellow  shales  and. 
clays,  with  gray  and  yellow 
sandstone  beds,  containing 
several  minor  coal  beds,  none 
of  which  are  developed.  Same 
age  as  the  Almy  coals  near 
Evanston,  Wyo. 


Coal  bearing^.  Several 
minor  coal  beds  of  worka- 
ble thickness  have  been  ob- 
served. None  have  been 
prospected  or  developed. 
Coal  similar  to  the  Evans- 
ton  and  Almy  coals  of 
southwestern  Uinta 
County. 


aSchultz,  A.  R.,  Bull.  U.  S.  Geol.  Survey  No.  .316,  1907.  p.  212. 

b  Estimate  of  Clarence  King  of  maximum  thickness  in  Green  River  basin  southeast  of  this  region  is 
2.000  feet;  only  a  portion  of  tlie  beds  occur  in  this  area, 
c  Upper  limit  not  seen. 
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Generalized  section  of  Tertiary  and  Cretaceoxis  rocks  in  central  Uinta  County,  Wyo. — Con. 


t/em. 


Group, 


Formjitlan. 


MiOiilAnAH 


AdariQe, 


miHATd. 


u 


Froniltif. 


B«ar  River, » 


Thick- 
(feet) 


2,  §00 


3,000 


2,400 

to 
3,800 


to 

i,aoa 


1,500 


Chfti&ctBrUties, 


Economic  value. 


Gray,  leUav,  and  brown  ^Uyi 
Aitd  Bh«Jai  with  lrr«g\ilArly 
beddiecl  brown  and  vihit^ 
■andBtonefl  and  Diiiiierous 
bed s  of  cofll .  The  lower  beds 
of  this  formation  coo  tain 
plantii  ftnci  invertebrate  re- 
maln»  tSiat  arc  reftrred  to 
tlio  iippemiost  Mont  una ;  the 
upper  i^dB  contaLa  lower 
I^aramlD  leavea. 


Gray  and  black  i^ndy  ahales 
and  ahaly  aatid^toncj*  thitt 
weather  readily  aud  afford 
few  e?(poeur¥!4.  UtfualJy  a 
regf OD  of  k)w  relief. 


AltematLng  beds  of  gray  and 
yellow  elayii,  a  hales,  and 
aanftKton<'3  i:xmt-ulnln^  nn- 
mcrous  bedflof  coal.    Fomin 

tjrnnoimtfd  rid  ires  or  hog- 
ihi-ks  in  BouthL^ni  part  of 
srpa  oast  of  Abwroka  Ridg«.  | 
Nt-ar  U}p  of  formation  Is  a 
pronounc<id    bed    of  gtJ&rse 
BAtidstono,  locally  conglom-  | 
eratic*  eoniaining  nnmerou^  | 
UrKB  ojfsltra.    This  ia  the 
Oyster     Plidm^     sand  stone. 
Farther  norib  tbia  forma- 
tloti  toMa  Its  cb&racterlfltic 
bogbAok  topognipby. 


Gray  and  black  abakn.  shaly 
Hindatone,  and  beds  of  com- 

U\\  limestone  c^ontaifiing  flsh 
scjilflfl;  rnmmoiily  weathers 
allver-gray  and  abows  little 
white  speaks  iQ  some  of  the 
Bandatoucp, 


Black  abate,  abaly  sandutcnej 
and  shiily  limestone  with 
abiindaJit  invpriubrRte  fo*- 
alla.  Several  thin  beds  af 
coal  and  bituminous  abale. 


ProUftcjilly  roal  beating: 

tbroti^bout.  A  few  pr^s- 
peci  pita  only  are  Ofionad 
m  thU  anoa.  At  Havle'n 
roinfl  a  litfMnot  tunnel  haa 
been  opened  In  a  ti-foot  lifyd 
and  considerable  eoal 
mined  for  local  use.  Sev- 
eral other  niinea  supply 
coal  for  roneb  ti^. 


tbrfiuRhrsiit  t  lir'umtL,  Far*  ' 
tber  BOiilh  Xhc  Ki'mmcrert 
Willow  Creek,  Carter,  and 
HprUie  Valley  coaia  have 
been  developed.  The  Krim- 
merer  coals  ana  extensively 
mined  at  Frontier,  Dia- 
mond vl  lie.  Oakley,  Clcn- 
coo ,  and  Cumbci  land . 
VVltbin  this  an?a  only 
W right '«  mine  and  a  lew 
prospect  pita  have  l>een 
opened,  the  coal  being  aup- 
plli?d  to  rancbcra.  Con* 
lalns  good  buUding'stone, 

Otlbp^rlnir.  Contains  oU 
devp,lopcd  in  wells  north* 
east  of  .spring  V^alWy,  and 
probable  source  ol  oil  in 
HilUard,  CaHer,  and  Foa* 
ail  oil  sprlnga  and  in 
Bprlnge  north  of  Kem- 
merer  and  In  vicinity  of 
Labarge  Hldge. 


roRl  bi*»HiiK.  Coalbedsao 
lar  as  notea  are  too  thin 
and  impure  to  be  of  acy 
value. 

OilbeArlnt:.  Ollinthii^for- 
mati  0  naoutbeast  of  Spring 
Valley  In  two  wells. 


a  The  Bear  River  beds  are  underlain  by  marine  Jurassic.    The  beds  appear  to  be  conformable.  Other 
evidenoe  seems  to  indicate  that  an  unconformity  exists  between  the  Bear  River  and  Jurassic  beds. 

STRUCTURK. 

The  east  base  of  Labarge  Ridge,  or  the  eastern  boundary  of  the 
Paleozoic  rocks,  marks  the  location  of  an  overthrust  fault,  which 
here  brings  "Upper  Cambrian''  beds  in  contact  with  Montana  shales 
and  sandstone.  East  of  the  fault  lies  the  axis  of  U  low  anticline. 
This  axis  was  observed  in  the  cretaceous  beds  east  of  Labarge  Ridge 
in  T.  28  N.,  R.  113  W.  The  dips  on  both  sides  of  the  anticline  are 
from  20°  to  35°.  Within  a  short  distance  to  the  south  all  traces  of 
the  east  limb  of  the  anticline  in  the  Cretaceous  beds  are  lost  beneath 
the  Tertiary  beds,  which  here  dip  toward  Green  River  at  approxi- 
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mately  5°.  The  beds  along  the  west  limb  of  the  anticline  are  exposed 
at  several  localities  and  dip  at  20°  to  45°,  N.  70°  W.  The  southward 
extension  of  the  anticlinal  crest  may  be  represented  by  the  low  arch 
seen  in  the  Tertiary  beds  in  the  southern  portion  of  T.  27  N.,  R.  1 13  W. 

OCCURRENCE   A.ST>   ORIGIN   OF   THE    Olli, 

The  oil-bearing  shale  of  southern  Uinta  County  does  not  outcrop 
in  the  Labarge  Ridge  locality.  The  oil,  however,  in  this  field  is 
believed  to  come  from  the  same  horizon  as  in  southern  Uinta  County, 
namely,  that  of  the  Aspen  (Benton)  shale.  None  of  the  natural  oil 
springs  in  southern  Uinta  County  occur  along  the  outcrop  of  the 
shale  that  supplies  the  oil  in  the  Spring  Valley  wells.  So  far  as  field 
observations  have  been  made,  no  trace  of  oil  was  seen  anywhere 
along  the  outcrop  of  'the  Aspen  shale.  The  springs  are  all  in  the 
region  of  profound  disturbance  along  the  Absaroka  fault  and  its 
associated  secondary  faults.  The  oil  springs  of  HilUard  Flat,  the 
Carter  oil  spring,  and  the  seepage  near  the  west  end  of  the  Aspen 
tunnel  are  located  along  a  secondary  fault,  but  those  on  Twin  Creek 
lie  along  the  line  of  the  main  fault.  The  oil  observed  at  all  these 
springs  probably  represents  leakage  from  the  oil-bearing  shale  along 
the  fault  line,  having  been  forced  up  through  the  water  which  has 
penetrated  to  this  shale  along  the  fault  contact. 

North  of  Hams  Fork  oil  indications  have  been  observed  at  several 
places  along  the  east  base  of  the  Absaroka  and  Salt  River  ranges, 
near  the  fault  line.  Oil  was  observed  on  the  water  along  some  of 
the  streams  tributary  to  Fontenelle*  Creek.  In  Pomeroy  Basin  oil 
indications  were  observed  on  the  water  in  a  number  of  marshes,  in 
quaking  asp  groves  and  low  depressions.  It  is  reported  that  about 
12  miles  north  of  Kemmerer,  along  Mammoth  Hollow,  there  is  a  spot- 
where  gas  makes  its  escape  and  on  a  damp  morning  can  readily  be 
detected  by  its  rank  odor.  Indian  tradition  has  it  that  many  years 
ago  there  used  to  be  near  this  same  locality  an  oil  spring  from  which 
oil  flowed.  No  trace  of  this  spring  was  seen  during  the  course  of  the 
writer's  work.  However,  owing  to  the  heavy  covering  of  talus  and 
timber  in  this  vicinity,  as  well  as  to  the  numerous  springs  that  rise 
on  the  mountain  sides  or  flow  from  snowbanks  near  the  crest  of  the 
range,  traces  of  oil  are  not  so  readily  seen  or  recognized  as  in  the 
southern  part  of  the  county.  In  the  northern  part  of  the  field  exam- 
ined in  1906,  atout  2J  miles  west  of  Snake  River,  along  the  north 
line  of  T.  39  N.,  R.  116  W.,  oil  was  observ^ed  on  the  w^ater  and  in 
footprint  depressions.  The  oil  seen  here  has  a  distinct  odor  and  a 
greasy  feel. 

Farther  north  in  Idaho,  east  of  the  Pierres  Hole  (Big  Hole)  Moun- 
tains, W.  E.  McDonald  observ^ed  strong  surface  indications  of  the 
presence  of  oil  in  the  vicinity  of  David  Breckenridge's  ranch  and 
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later  vigorously  prosecuted  the  work  of  boring  for  oil  on  this  ranch. 
So  far  as  the  writer  was  able  to  leam,  Mr.  McDonald  struck  a  10-foot 
bed  of  coal  at  a  depth  of  650  feet,  but  found  nothing  in  the  way  of 
oil  that  indicated  values. 

Although  no  prospecting,  drilling,  or  development  work  has  been 
done  north  of  Kemmerer  on  the  oil-bearing  Aspen  and  Bear  River 
shales  to  determine  whether  they  contain  as  much  oil  as  the  beds  at 
Spring  Valley,  their  occurrence  throughout  this  region,  east  of  the 
Absaroka  and  Salt  River  ranges  and  east  of  the  Wyoming  Range,  is 
certain.  They  extend  from  Spring  Valley  in  southern  Uinta  Coimty 
to  Snake  River  in  northern  Uinta  County,  and  it  is  not  improbable 
that  they  contain  oil  throughout  this  area  in  much  the  same  abimdance 
as  has  been  foimd  in  the  southern  part  of  it.  The  approximate  dis- 
tribution of  these  oil-bearing  shales  can  be  inferred  on  consulting 
the  map  accompanying  the  preliminary  report  on  the  coal  fields  in  a 
portion  of  central  Uinta  County,"  as  they  occupy  a  narrow  belt 
along  the  east  side  of  the  areas  mapped  as  containing  Frontier  coals. 
No  oil  is  foimd  along  the  outcrop  of  these  beds  so  far  as  observed. 
This  fact,  however,  does  not  prove  that  oil  is  not  present,  as  the  oil 
near  the  surface  may  all  have  escaped  or  settled  toward  the  syn- 
clinal axis,  so  that  it  is  not  noticeable  on  the  surface. 

In  the  vicinity  of  Spring  Valley,''  the  onlylocality  where  the  Aspen 
shale  has  been  developed,  the  oil  is  found  in  sandy  layers  in  a  black 
shale  near  the  base  of  the  formation.  Failure  to  obtain  oil  in  this 
locality  has  been  recorded  in  three  types  of  wells — (1)  those  not  deep 
enough  to  reach  the  oil-bearing  beds;  (2)  those  which  on  account  of 
irregularities  of  the  sandy  layers  in  the  Aspen  (Benton)  shale  fail  to 
produce  oil,  although  oil  is  present  in  adjacent  wells;  (3)  those  located 
on  the  outcrop  of  the  shale,  particularly  near  the  lower  or  eastern 
edge,  where  the  bed  is  less  than  500  feet  thick.  Although  in  gen- 
eral no  oil  is  found  along  the  outcrop  of  the  oil-bearing  shale,  the 
amoimt  increases  down  the  dip.  The  conditions  of  the  oil  problem 
in  the  Spring  Valley  locality  as  well  as  in  much  of  the  territory  north 
of  that  place,  can  best  be  set  forth  by  the  following  statement  :*= 

The  oil-bearing  beds  are  entirely  dry  when  the  oil  is  pumped  out  of  the  wells; 
no  water  follows.  Water  occurs  in  the  overlying  Wasatch  beds  and  in  the  sandstones 
of  the  Frontier  formation,  and  is  also  reported  in  a  sandstone  several  hundred  feet 
below  the  main  oil  sands,  as  in  the  Jager  well  and  the  Consolidated  Oil  Company 
well.  The  occurrence  of  large  quantities  of  water  in  the  Bettys  well  and  the  Baker 
well  has  been  regarded  by  some  as  affecting  the  oil  situation,  but  the  water-bearing 
beds  here  are  in  no  way  connected  with  the  oil-bearing  strata.  The  anticlinal  theory, 
according  to  which  oil  accumulates  by  floating  upon  water  on  the  flanks  or  crests  of 

aSchult*.  A.  R.,  BuU.  U.  S.  Oeol.  Survey  No.  316.  1902.  p.  212. 

6  Veatch,  A.  C,  Bull.  U.  S.  Oeol.  Survey  No.  285, 1906,  pp.  342-353;  Prof.  Paper  U.  S.  Geol.  Survey  No. 
fiO.  1907.  pp.  14^-144. 

cVeatch,  A.  C.  Geography  and  geology  of  southwestern  Wyoming:  Prof.  Paper  U.  S.  Geol.  Survey 
No.  fi6. 1907,  p.  168. 
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anticlines,  does  not  seem  to  apply  to  this  field,  for  one  of  the  essential  factors  in  the 
theory — the  water  in  the  oil-bearing  sand — is  not  present.  The  absence  of  water  in 
the  oil-bearing  sands,  together  with  the  fact  that  springs  do  not  occur  along  the  out- 
crops of  the  beds  and  the  irregularity  shown  in  the  position  of  the  oil-bearing  sands 
in  adjoining  wells,  suggests  that  the  oil  has  been  formed  from  the  shale  in  which  it  is 
found  and  that  the  oil-bearing  shales  represent  local  sandy  layers  more  or  less  per- 
fectly surrounded  by  shale  in  which  the  oil  has  accumulated.  This  is  the  case  also 
in  the  Boulder  and  Florence  fields,  although  at  thope  localities  the  shales  are  geolog- 
ically younger.  In  thef  absence  of  water,  oil  tends  to  move  down  the  dip  and,  so  far 
as  the  continuity  of  the  porous  beds  will  allow,  to  collect  in  the  troughs  of  the  8>ti- 
clines.  This  is  apparently  the  case  in  this  field,  and  the  position  of  this  syncline 
and  the  depth  of  the  oil-bearing  shale  at  its  lowest  point  then  become  matters  of 
considerable  economic  importance. 

Because  of  the  rising  and  pitching  of  the  Lazeart  syncline,  the  oil- 
bearing  shale  in  the  synclinal  trough  Ues  at  various  depths  below 
the  surface  along  the  axis.  In  a  part  of  the  region  the  depth  of  the 
oil-bearing  shale  along  this  axis  is  practically  prohibitive  to  devel- 
opment work.  However,  the  soft  cliaracter  of  the  beds  suggests 
that  the  pressure  of  the  superincumbent  rocks  may  be  great  enough 
to  practically  close  the  pore  space,  so  that  the  maximum  accumula- 
tion of  oil  may  be  found  at  some  point  on  the  limb  of  the  syncline, 
between  the  axis  and  the  outcrop.  In  the  vicinity  of  the  fault, 
where  the  oil  beds  are  at  great  depth,  the  oil  leakage  along  the  fault 
contact  may  be  partly  cut  off  for  the  same  reason  and  the  oil  may 
be  stored  on  the  limb  of  the  syncline.  If  the  above-outlined  condi- 
tions are  true,  prospecting  in  much  of  this  field  should  be  restricted 
to  the  shallow  portions  of  the  synclinal  basin  and  to  the  region  be- 
tween the  axis  of  the  syncline  and  the  outcrop  of  the  oil-bearing 
shale  on  the  west  flank  of  the  Meridian  anticline,  as  the  depth  of  the 
oil-bearing  shale  along  part  of  the  axis  of  the  sjTicline  is  practically 
prohibitive  to  profitable  development. 

One  of  the  most  favorable  localities  for  oil  prospecting  is  in  the 
vicinity  of  Wright's  ranch,  in  T.  23  X.,  R.  116  W.,  where  the  oil- 
bearing  shale  lies  from  2,500  to  4,000  feet  below  the  surface  along 
the  center  of  the  syncline.  Almost  as  favorable  a  locality  is  that 
along  Fontenelle  Creek,  near  the  north  end  of  the  Lazeart  syncline. 
The  depth  of  tlie  oil-beniring  shale  in  the  center  of  the  syncline  is 
such  that  wells  could  be  readily  sunk,  and  test  holes  in  this  region 
are  likely  to  yield  results.  Similar  results  may  be  expected  in  the 
synclinal  trough  that  crosses  Little  Greys  and  Snake  rivers  in  the 
northern  part  of  the  field. 

In  southern  Uinta  County  the  w' ell  of  the  Pittsburg-Salt  Lake  Com 
pany,  in  sec.  10,  T.  14  N.,  K.  118  W.,  developed  an  oil-bearing  bed 
in  the  lower  part  of  the  Bear  Hiver  formation.^  The  oil  is  black  and 
more  in  the  nature  of  a  lubricating  oil  tlian  that  of  the  Aspen  shale. 

o  Vealch,  A.  C,  Geography  and  geology  of  soulliwestem  Wyoming:  Prof.  PajMjr  U.  S.  Oeol.  Survey 
No.  56,  iy07,  i».  159. 
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Although  the  Bear  River  formation  extends  throughout  this  area, 
lying  conformably  below  the  Aspen  shale  in  a  narrow  belt  along  its 
east  side,  nothing  further  was  learned  about  these  oil-bearing  beds. 
At  no  point  within  this  field  have  wells  been  drilled  to  test  the  oil- 
bearing  properties  of  either  the  Aspen  or  the  Bear  River  shale. 

East  of  Labarge  Ridge  no  outcrop  of  Aspen  shale  was  seen.  The 
oil  springs  observed  in  this  locality  resemble  those  in  the  Fossil 
region  in  that  the  strata  around  the  springs  belong  to  the  Tertiary. 
The  Wasatch  beds  here  lie  in  a  gentle  anticline,  with  dips  of  about  5°, 
and  may  represent  the  southern  continuation  of  the  anticline  above 
mentioned  at  the  north  end  of  Labarge  Ridge.  It  is  believed  that 
the  oil  comes  from  the  Aspen  shale,  which  here  lies  from  2,000  to 
4,000  feet  below  the  surface.  The  oil  is  probably  forced  up  through 
the  water  which  has  penetrated  to  the  oil-bearing  shale  along  the 
fault  east  of  Labarge  Ridge,  and  escapes  at  various  points  along  the 
fault  line.  Part  of  the  oil  may  be  collected  along  the  low  anticlinal 
crest  in  the  fairly  waterlogged  beds  of  the  Wasatch  and  makes  its 
escape  into  the  valley  where  the  oil  prospects  are  located. 

Whether  thcv  oil-bearing  sands  in  this  locality  are  dry  like  those  at 
Spring  Valley,  or  whether  there  is  sufficient  water  present  to  float 
the  oil  and  make  it  accumulate  on  the  crests  of  anticlines,  can  not  be 
determined  until  drill  holes  are  put  down  to  the  oil  horizons.  The 
success  of  much  of  the  future  prospecting  depends  on  this  factor, 
the  correct  determination  of  which  becomes  therefore  a  matter  of 
considerable  economic  importance.  If  the  anticlinal  theory  of  oil 
accumulation  applies  here  drilling  should  be  done  along  the  anti- 
clinal axis  east  of  Labarge  Ridge;  on  the  other  hand,  if  the  rocks  are 
dry  the  oil  has  collected  in  the  troughs  of  synclines  and  prospecting 
should  not  be  carried  on  along  the  anticlinal  crest.  If  the  synclinal 
occurrence  prevails  here  the  conditions  in  the  Labarge  oil  field  are 
manifestly  more  unfavorable  for  the  accumulation  of  oil  in  commer- 
cial quantities. 

QUAIilTY  OF  THE  Olli. 

All  of  the  oil  obtained  from  springs  in  southern  Uinta  County  is  a 
dark,  heavy  oil  which  may  have  been  derived  from  the  Aspen  shale 
oils  by  the  evaporation  of  the  more  volatile  portions.  Slosson" 
gives  the  gravity  of  the  Carter  oil  as  21.5°  Baum6  and  that  of  the  Fos- 
sil or  Twin  Creek  oil  as  19.7°  Baum6.  The  gravity  of  the  Fossil  oil  is 
given  by  the  Union  Pacific  Railroad*  as  26.75°  Baum6.  The  results 
of  analyses  of  the  Spring  Valley  petroleum  and  a  sample  collected  from 
a  shallow  well  about  3  feet  square  and  6  feet  deep,  sunk  near  the  center 
of  a  drain  about  4  miles  east  of  Labarge  Ridge,  are  given  below.     The 

a  Slosson,  E.  E.,  Bull.  No.  3,  Petroleum  series,  School  of  Mines,  Univ.  Wyoming,  1899,  p.  31. 
6 Mineral  Resources  U.  S.  for  1885,  U.  S.  Oeol.  Survey,  1886,  p.  154. 
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latter  sample  was  taken  from  an  open  pit  which  contained  more  than  a 
foot  of  dark-colored,  heavy  oil.  Considerable  oil  was  taken  from  this 
pit  during  the  summer  by  various.persons  who  visited  the  r^on.  The 
oil  was  also  used  by  the  ranchers  in  Green  River  basin  as  machine  oil 
and  proved  highly  satisfactory.  It  did  not  rise  to  the  surface,  but 
appeared  to  drain  into  the  soil  that  filled  the  valley.  At  several  points 
in  the  valley  oil  was  encountered  by  sinking  shallow  wells  a  few  feet 
into  this  soil. 

TesUo/oilJromwello/Pittsburg'SaltLakeOil  Company  in  sec.  tt,  T.  15  N.,  R.  118W., 
1  mile  north  of  Spring  Valley. 

[By  C.  F.  Mabery,  Cleveland,  Ohio,  1906.] 


Temperature  C*C.)  at  which  gas  was  given  off  ondis-         Peit^nt- 
tillation.  age. 


fiO-lSO I         21.3 


160-305. 
30S^3fiO. 
350-380. 


1.7 
16.4 
15.4 


Gravity 
C*Baume). 


Natare  of  product. 


Gasoline. 
Burning  oil. 
Gas  oil. 
Oil  parti ycracked. 


Residue,  7.2.  Specific  gravity,  0.81,=44°  B.  The  oil  begins  to  crack  at  350*';  of 
course  this  product  is  really  gas  oil.  The  distillates  at  305**-350**,  SSO^-SSO**,  and  the 
residue  contain  much  paraffin.  These  oils  become  solid  when  cooled  in  tap  water  with 
paraffin,  so  the  yield  is  large.  We  refined  some  of  the  burning  oil,  not,  however,  with 
reference  to  flash  or  complete  absence  of  color;  it  refines  very  easily,  and  gives  a  very 
fine  grade  of  burning  oil.  Of  course  the  proportions  of  products  will  be  somewhat  differ- 
ent on  a  refining  scale  (1,000  barrels) — probably  larger,  rather  than  smaller,  than  is 
given  on  the  small  scale.  This  petroleum  is  different  from  any  of  the  numerous  speci- 
mens that  I  have  previously  examined  from  Wyoming.  A  large  amount  of  very  light 
gasoline  can  be  separated  by  strong  cooling.  With  respect  to  the  large  proportion  of 
gasoline  and  of  burning  oil,  also  of  paraffin,  this  petroleum  is  one  of  the  most  valuable 
that  I  have  ever  examined.     It  is  a  nonsulphur  oil ;  percentage  of  sulphur,  0.03. 

Test  of  oil  from  shallow  pit  cast  of  Labarge  Ridge,  Green  River  basin,  in  sec.  34,  T.  27  N., 

R.  lis  W. 

[By  Dr.  David  T.  Day,  United  States  Geological  Survey,  January  8, 1908.] 


Temperature  (°C.)  at  which  gas  was  given  ofT  on  dis-        i  Percent-      Specific      ki««-«^^#    -^  ^» 
tiUation.  I      »g«-      ,    gravity.     Nature  of  product. 


Below  150 '     Trace 

150-300 1  34  I  0.891  ,  Suitable  for  bum- 

I  I  I      Ing. 

Specific  gravity  of  the  original  oil,  0.9435=18.75°  Baum^.  The  oil  was  collected 
from  seepage  into  a  shallow  well.  It  had  evidently  suffered  oxidation,  as  shown  by 
the  considerable  amount  of  resins  contained.  These  resins  made  it  difficult  to  com- 
pletely separate  water  from  the  oil.  The  distillation  was,  therefore,  slow  and  some- 
what unsatisfactory.  There  is  no  indication  of  sulphur  in  the  oil,  no  quantitative 
test  being  obtained  by  oxidation,  and  there  is  no  odor  of  sulphur. 

The  specific  gravity  of  the  oil  suitable  for  burning  was  so  high  that  this  portion  was 
treated  with  sulphuric  acid  to  determine  whether  the  oil  consisted  of  hydmcarbons 
of  the  paraffin  (Pennsylvania)  series.     The  amount  absorbed  by  sulphuric  acid  was 
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not  abnormally  laige,  and  left  a  pleasant-Bmelling,  refined  product.  The  examination 
of  the  residue  not  distilling  below  300°  was  extremely  interesting.  In  addition  to  an 
oil  soluble  in  cold  alcohol,  probably  plain  paraflin  hydrocarbons,  it  gave  a  considerable 
amount  soluble  in  boiling  alcohol,  which  should  have  consisted  entirely  of  paraffin 
wax,  but  did  consist  to  a  large  extent  of  resins  entirely  absorbed  by  strong  sulphuric 
acid,  aixd  giving  evidence  of  being  terpenes.  The  portion  insoluble  in  boiling  absolute 
alcohol,  which  should  consist  ordinarily  of  asphalt,  gave,  instead  of  the  usual  hard 
black  asphalt,  a  soft  sticky  material  chajacteristic  of  ^e  transition  stage  of  resins  into 
asphalt. 

While  the  oil  has  suffered  too  much  oxidation  to  be  interesting  from  the  refiner's 
standpoint,  it  is  extremely  interesting  scientifically,  on  account  of  the  effects  of  the 
oxidation,  showing,  as  given  above,  the  intermediate  stage  between  oil  and  ordinary 
hard  asphalt. 
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McGee  on  rock  gas  and  related  bitumens.  In  Eleventh  Ann.  Rept.,  pt.  1,  pp.  579-742. 
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Richardson,  G.  B.  Natural  gas  near  Salt  Lake  City,  Utah,  In  Bulletin  No.  260, 
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SURVEY  PUBLICATIONS  ON  ASPHALT. 


The  following  list  comprises  the  more  important  papers  relative 
to  asphalt  published  by  the  United  States  Geological  Survey  or  by 
members  of  its  staff: 

BouTWELL,  J.  M.  Oil  and  asphalt  prospects  in  Salt  Lake  basin,  Utah.  In  Bulletin 
No.  260,  pp.  468-479.     1905. 

Day,  W.  C.  The  coal  and  pitch  coal  of  the  Newport  mine,  Oregon.  In  Nine- 
teenth Ann.  Rept.,  pt.  3,  pp.  370-376.     1899. 

Eldridge,  G.  H.  The  uintaite  (gilsonite)  deposits  of  Utah.  In  Seventeenth  Ann. 
Rept.,  pt.  1,  pp.  909-949.     1896. 

The  asphalt  and  bituminous  rock  deposits  of  the    United  States.    In 

Twentynaecond  Ann.  Rept.,  pt.  1,  pp.  209-452.     1901. 

Origin  and  distribution  of  asphalt  and  bituminous-rock   deposits  in  the 

United  States.     In  Bulletin  No.' 213,  pp.  296-305.     1903. 

Fuller,  M.  L.  Asphalt,  oil,  and  gas  in  southwestern  Indiana.  In  Bulletin  No. 
213,  pp.  333-335.     1903. 

Hayes,  C.  W.  Asphalt  deposits  of  Pike  County,  Ark.  In  Bulletin  No.  213, 
pp.  353-355.     1903. 

HiLGARD,  E.  W.  The  asphaltum  deposits  of  California.  In  Mineral  Resources 
U.  S.  for  1883-84,  pp.  938-948.     1885. 

HovEY,  E.  0.  Asphaltum  and  bituminous  rock.  In  Mineral  Resources  U.  S. 
for  1903,  pp.  745-754.     1904.     Idem  for  1904,  pp.  789-799.     1905. 

McGee,  W  J.  Origin,  constitution,  and  distribution  of  rock  gas  and  related 
bitumens.     In  Eleventh  Ann.  Rept.,  pt.  1,  pp.  589-616.     1891. 

Richardson,  C.  Asphaltum.  In  Mineral  Resources  U.  S.  for  1893,  pp.  626-669. 
1894. 

Smith,  C.  D.     (See  Taff,  J.  A.,  and  Smith,  C.  D.) 

Tafp,  J.  A.  Albert ite-like  asphalt  in  the  Choctaw  Nation,  Indian  Territory. 
Am.  Jour.  Sci.  4th  ser.,  vol.  8,  pp.  219-224.     1899. 

Description  of  the  unleased  segregated  asphalt  lands  in  the  Chickasaw 

Nation,  Indian  Territory.     U.  S.  Dept.  Interior,  Circular  No.  6.    14  pp.     1904. 

Asphalt  and   bituminous  rock.     In   Mineral    Resources   U.  S.  for  1906, 

pp.  1131-1137.     1907. 

Taff,  J.  A.,  and  Smith,  C.  D.  Ozokerite  deposits  in  Utah.  In  Bulletin  No.  285, 
pp.  369-372.     1900. 

Vaughan,  T.  W.    The  asphalt  deposits  of  western  Texas.    In  Eighteenth  Ann. 
Rept.,  pt.  5,  pp.  930-935.    1897. 
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BUILDING  STONES. 


MARBLE  OF  WHITE  PINE  COUNTY,  NEV.,  NEAR 
GANDY,  UTAH. 


By  N.  H.  Darton. 


Introduction. — In  September,  1907,  in  compliance  with  a  request 
from  Hon.  J.  K.  Taylor,  Supervising  Architect  of  the  Treasury,  I 
made  an  examination  of  a  marble  deposit  in  eastern  Nevada.  The 
purpose  was  to  determine  its  amount,  conditions  of  occurrence,  and 
conunercial  prospects  and  to  collect  samples  for  analysis  and  physical 
tests  by  the  technologic  branch  of  the  Geological  Survey. 

Occurrence, — ft  was  foxmd  that  the  marble  is  a  member  of  a  series 
of  metamorphic  pre-Cambrian  rocks  of  the  Snake  Range.  The  strata 
are  uplifted  in  a  broad  anticline  and  deeply  incised  by  canons  empty- 
ing into  Snake  Valley.  The  exposures  are  all  in  the  first  canyon 
south  of  some  warm  springs  and  begin  about  5  miles  west  by  south 
of  Gandy  post-oflBce,  or  4  miles  west  of  the  Nevada-Utah  State  line. 
They  extend  up  the  canyon  for  2  miles,  constituting  the  greater  part 
of  the  walls  of  the  main  canyon  and  of  several  of  its  branches.  The 
marble  member  is  about  150  feet  thick  and  it  is  included  between 
metamorphic  schists.  The  xmderlying  schists  appear  in  a  low  arch 
near  the  ''camp''  in  the  canyon.  They  are  about  40  feet  thick  and 
he  upon  white  quartzite  of  which  only  the  top  is  exposed.  The  over- 
lying schists  are  in  turn  overlain  by  Cambrian  limestones  of  dark- 
blue  color,  which  are  prominent  in  the  adjoining  higher  slopes  and 
ridges.  The  marble  constitutes  the  walls  of  the  canyon  for  nearly 
2  miles,  but  it  pitches  downward  at  both  ends  of  the  exposure. 

Marble  member. — The  marble  is  a  completely  metamorphosed  or 
recrystaUized  limestone,  partly  gray  in  color  and  partly  white.  A 
great  variety  of  tints  of  various  colors  appear,  but  the  larger  part  of 
the  deposit  is  dark  bluish  gray,  banded  or  mottled  with  light  gray  or 
white.  Some  beds  show  regular  alternations  of  white  and  gray 
marble  in  thin  layers  which  are  usually  wavy  or  contorted.  A  thick 
deposit  of  white  marble  occurs  near  the  upper  part  of  the  member. 
This  white  marble  is  in  very  thick,  massive  beds  in  the  western  por- 
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tion  of  the  canyon,  where  its  thickness  is  about  35  feet.     Eastward  it 
outcrops  along  the  canyon  walls  at  various  elevations  and  near  the 
east  end  of  the  canyon,  where  it  passes  beneath  the  surface,  it  is  30 
feet  thick,  but  not  massively  bedded.     In  an  exposure  on  slopes  a 
short  distance  south  of  the  canyon  a  low  dome  brings  the  white  marble 
to  the  surface  in  an  area  of  a  few  acres.     Here  portions  of  the  rock  are 
pink,  in  part  in  general  tone  and  in  part  in  mottlings.     The  extent  of 
the  pink  marble  is  not  revealed.     The  white  marble  in  the  upper  part 
of  the  canyon  is  uniformly  white,  with  a  very  slight  but  pleasing  tinge 
of  cream.     Very  Uttle  pure  white  rock  was  observed.     The  gray 
marble  is  the  predominant  variety,  and  although  it  varies  in  the  pro- 
portion of  white  and  gray  bandings  and  mottlings,  large  bodies  of  it 
are  of  a  uniform  general  tint.     Some  of  the  faces  present  from  75  to 
100  feet  of  this  rock.     A  few  of  the  beds  are  separated  by  thin  part- 
ings of  mica,  which  considerably  diminish  the  strength  of  the  marble, 
but  much  of  it  does  not  part  readily  along  its  bedding  planes. 

Structure, — The  marble  deposits  as  exposed  lie  mainly  in  a  wide,  low 
arch  with  nearly  flat,  slightly  undulating  top,  as  shown  in  fig.  22.     This 


Canyon  floor  ^ Quart ztte 

Fig.  22. — Section  of  marble  in  canyon  west  of  Oandy,  Utah.    Sctile:  1  inch=l  mile,  approximately. 

illustration  shows  that  the  marble  is  but  very  little  disturbed.  The 
beds  are  free  from  noticeable  faults,  but  they  are  traversed  by  various 
joint  planes,  mostly  far  apart,  so  that  they  will  facilitate  quarrying. 
It  is  believed  that  the  minor  joint  planes  wliich  occur  in  some  of  the 
outcrops  will  disappear  as  the  surface  material  is  removed.  Most  of 
the  clifTs  show  large  bodies  of  unbroken  marble. 

Character, — Analyses  of  the  marble  made  in  the  St.  Louis  laboratory 
are  given  at  the  end  of  this  report.  So  far  as  observed  the  rock  carries 
no  pyrites  or  other  metallic  minerals  which  would  disfigure  it  on  weath- 
ering. The  natural  weathered  surfaces  indicate  that  it  would  weather 
satisfactorily,  so  far  as  could  be  judged  from  experience  in  other  regions. 
The  crystalline  structure  of  the  rock  is  so  complete  that  it  polishes 
beautifully,  and  this  character  appears  to  extend  through  the  entire 
deposit. 

Quarry  conditions. — The  marble  deposits  are  favorably  situated  for 
quarrying,  as  they  lie  nearly  level  for  a  long  distance  and  are  presented 
in  sloping  canyon  walls.  The  sketch  map  (fig.  23)  shows  the  general 
topographic  conditions.  The  amount  of  marble  is  great,  and  there 
appears  to  be  no  reason  why  quarries  should  not  be  successful  if  they 
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are  properly  opened  and  operated.  So  far  this  marble  has  not  been 
developed,  except  at  a  few  points  where  samples  of  the  surface  mate- 
rial have  been  wedged  off. 

Shipment. — The  canyon  has  a  good  road,  over  which  the  marble  can 
be  easily  brought  on  a  gentle  down  grade  to  the  main  wagon  road  in 
the  adjoining  Snake  Valley.  Thence,  however,  the  distance  to  rail- 
roads ranges  from  65  to  80  miles,  over  mountains  or  along  valleys, 
where  the  expense  of  haulage  is  great. 


_5  miles 


Fio.  23.— Sketch  map  of  canyon  west  of  Oandy,   Utah     Contour  interval,  100  feet. 

represents  marble. 


Ruled  area 


Crushing  strength, — Four  samples  of  the  marble  were  collected,  but 
all  were  either  from  outcropping  ledges  or  within  a  few  inches  of  the 
surface ;  they  do  not,  therefore,  indicate  the  strength  which  the  quarry 
stone  may  be  expected  to  have.  Samples  No.  1  and  No.  2  were  white 
marble  from  the  west  end  of  the  canyon.  No.  3  is  banded  gray  marble 
and  No.  4  is  white  marble  obtained  near  the  east  end  of  the  exposures. 
The  blocks  were  4-inch  cubes,  and  they  were  tested  in  the  structural- 
materials  laboratories  of  the  Geological  Survey  at  St.  Louis,  imder 
supervision  of  Mr.  R.  L.  Humphrey. 

Physical  tests  of  marble  from  White  Pine  County  y  Nev. 


Cube  No. 

Specific 
gravity. 

Weight 
per  cubic 

foot 
(pounds). 

Crushing 
strength 
(pounds 
per  cubic 
foot). 

Absorption 
(percent). 

1 

2.663 
2.656 
2.606 
2.705 

166 
165.6 
168.1 
168.4 

16,780 
16,905 
20,145 
18,355 

0.50 

2 

.57 

3.                                                       

.18 

4 

.16 

Composition, — The  subjoined  analyses  were  made  of  the  four  sam- 
ples in  the  St.  Louis  laboratory.     The  materials  were  air  dried. 
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Analyses  of  marble  from  White  Pine  County,  Nev, 


Laboratory  No 

Silica  (SiOj) 

Aiamina  ( Altd) 

JPerric  oxide  (FeiOi) 

Jbmganese  oxide  (MnO) . . 

Liine(CaO) 

Magnesia  (MgO) 

flouphuric  anfiydride  (S0|) 

Water  at  100»C 

Carbon  dioxide  (COt) 

Ignition  loss 


1. 

2. 

3. 

4. 

2G2 

263 

^ 

265 

.60 

.40 

.28 

.50 

.33 

.26 

.23 

.36 

.22 

.24 

.J4 

.34 

.02 

Trace. 

.« 

Trace. 

48.56 

53.69 

49.56 

53.69 

5.66 

1.43 

5.00 

L35 

.10 

.08 

.07 

.07 

.00 

.00 

.01 

.00 

44.39 

43.78 

44.50 

43.68 

.05 

.02 

.03 

.OS 

99.95 

99.90 

99.97 

9a  94 

SURVEY  PUBLICATIONS  ON  BUILDING  STONE  AND 
ROAD  METAL. 


The  following  list  comprises  the  more  important  pubUcations  on 
building  stone  and  road  metal  by  the  United  States  Geological 
Survey.  The  annual  volumes  on  Mineral  Resources  of  the  United 
States  contain  not  only  statistics  of  stone  production  but  occasional 
discussions  of  available  stone  resources  in  various  parts  of  the  country. 
Many  of  the  Survey's  geologic  folios  also  contain  notes  on  stone 
resources  that  may  be  of  local  importance. 

Aldbn,  W.  C.  The  stone  industry  in  the  vicinity  of  Chicago,  111.  In  Bulletin 
No.  213,  pp.  357-360.     1903. 

Bain,  H.  F.  Notes  on  Iowa  building  stones.  In  Sixteenth  Ann.  Rept.,  pt.  4,  pp. 
500-503.     1895. 

Dale,  T.  N.  The  slate  belt  of  eastern  New  York  and  western  Vermont.  In  Nine- 
teenth Ann.  Rept.,  pt.  3,  pp.  153-200.    1899. 

The  slate  industry  of  Slatington,  Pa.,  and  Martinsburg,  W.  Va.  In  Bul- 
letin No.  213,  pp.  361-364.     1903. 

Notes  on  Arkansas  roofing  slates.    In  Bulletin  No.  225,  pp.  414-416.    1904. 

Slate  investigations  during  1904.    In  Bulletin  No.  260,  pp.  486-488.    1905. 

Note  on  a  new  variety  of  Maine  slate.    In  Bulletin  No.  285,  pp.  449-450. 

1906. 

Recent  work  on  New  England  granites.     In  Bulletin  No.  315,  pp.  356-359. 

1907. 

The  granites  of  Maine.    Bulletin  No.  313,  pp.  69.     1907. 

Dale,  T.  N.,  and  others.  Slate  deposits  and  slate  industry  of  the  United  States. 
In  Bulletin  No.  275.     1906. 

»     DiLLER,  J.  S.    Limestone  of  the  Redding  district,  California.    In  Bulletin  No.  213, 
p.  365.     1903. 

Eckel,  E.  C.  Slate  deposits  of  California  and  Utah.  In  Bulletin  No.  225,  pp. 
417^22.     1904. 

HiLLEBRAND,  W.  F.  Chemical  notes  on  the  composition  of  the  roofing  slates  of 
eastern  New  York  and  western  Vermont.  In  Nineteenth  Ann.  Rept.,  pt.,  3,  pp.  301- 
305.    1899. 

Hopkins,  T.  C.  The  sandstones  of  western  Indiana.  In  Seventeenth  Ann.  Rept., 
pt.  3,  pp.  780-787.     1896. 

Brownstones  of  Pennsylvania.     In  Eighteenth  Ann.  Rept.,  pt.  5,  pp.  1025- 

1043.     1897. 

Hopkins,  T.  C,  and  Siebenthal,  C.  E.  The  Bedford  oolitic  limestone  of  Indiana. 
In  Eighteenth  Ann.  Rept.,  pt.  5,  pp.  1050-1057:    1897.. 

Keith,  A.    Tennessee  marbles.     In  Bulletin  No.  213,  pp.  366-370.     1903.     . 

RiEs,  H.  The  limestone  quarries  of  eastern  New  York,  western  Vermont,  Massa- 
chusetts, and  Connecticut.     In  Seventeenth  Ann.  Rept.,  pt.  3,  pp.  795-811.     1896. 
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Sh ALER,  N .  S.  Preliminary  report  on  the  geology  of  the  common  roads  of  the  United 
States.    In  Fifteenth  Ann.  Rept.,  pp.  259-306.    1895. 

The  geology  of  the  road-building  stones  of  Massachusetts,  with  some  con- 
sideration of  similar  materials  from  other  parts  of  the  United  States.  In  Sixteenth 
Ann.  Rept.,  pt.  2,  pp.  277-341.     1895. 

SiEBENTHAL,  C.  E.  The  Bedford  oolitic  limestone  [Indiana].  In  Nineteenth  Ann. 
Rept.,  pt.  6,  pp.  292-296.    1898.    [See  also  Hopkins,  T.  C,  and  Siebenthal,  C.  E.] 

SMrrH,  G.  O.  The  granite  industry  of  the  Penobscot  Bay  district,  Maine.  In  Bul- 
letin No.  260,  pp.  489-492.    1905. 


CEMENT  AND  CONCRETE  MATERIALS. 


CONCRETE  MATERIALS  PRODUCED  IN  THE  CHICAGO 

DISTRICT. 


By  Ernest  F.  Burchard. 


INTRODUCTION. 

In  connection  with  laboratory  studies  of  the  structural  materials  of 
the  United  States  at  the  structural-materials  laboratories  of  the  United 
States  Geological  Survey  in  St.  Louis,  the  writer  spent  several  weeks 
in  Chicago  and  vicinity,  in  the  summer  of  1906,  obtaining  representa- 
tive samples  of  concrete  materials.  The  location,  extent,  and  geo- 
logic relations  of  the  deposits  sampled  were  noted,  so  as  to  supplement 
the  experimental  data  obtained,  and  a  general  familiarity  with  the 
processes  of  preparation  of  material  was  gained.  When  the  more  im- 
portant laboratory  work  on  the  concrete  materials  of  this  district  shall 
have  been  completed  a  separate  bulletin  on  the  subject  will  probably 
be  published.  The  present  paper  consists  mainly  of  abstracts  from 
the  text  of  the  proposed  bulletin. 

The  term  Chicago  district  as  used  in  this  paper  is  applied  to  the  area 
in  northeastern  Illinois  and  southeastern  Wisconsin  in  which  concrete 
materials  are  produced  principally  for  the  Chicago  market.  The  main 
portion  of  the  district  is  bounded  rather  definitely  on  the  east  by  the 
Illinois-Indiana  State  line;  on  the  south  by  an  east-west  line  passing 
about  7  miles  south  of  Joliet;  on  the  west  by  the  west  line  of  Kane  and 
Kendall  counties,  and  on  the  north  by  an  east-west  line  passing  just 
north  of  Lake  Geneva,  Wis.  The  area  thus  embraced  is  a  quadri- 
lateral 80  miles  from  north  to  south  and  55  miles  from  east  to  west. 
About  500  square  miles  of  this  quadrilateral  lies  in  Lake  Michigan,  so 
that  there  remains  as  land  area  about  3,900  square  miles.  (See  fig.  24.) 
Concrete  materials  used  principally  in  the  Chicago  market  are  pro- 
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Main  outcrop  area  of  Niaf^ra      Principal  areas  worked 
limestone  in  Desplaines  Valley        for  gravel  and  sand 


Isolated  rock  outcrop, 
not  quarried  at  present 


Stone  quarries 


(travel  and  sand  pits  Stone  quarry         Gravel  pit,  crusher.  Gravel  and  Area  of  the 

and  crusher  and  washer  aand  pump  Qncago  fblio 

Fio.  24.— Map  of  main  portion  of  district  from  which  Chicago  derives  concrete  materials. 
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duced  also  at  three  places  beyond  the  area  thus  ou timed  ^  viz,  Kan- 
kakee, III.,  and  Beloit  and  Janesville,  Wis.  In  a  city  having  more 
than  2,000,000  inhabitants  it  is  to  be  expected  that  a  great  deal  of 
structural  material  such  as  dimension  stone,  granite  blocks,  clay  for 
bricks,  tile,  and  terra  cotta,  as  well  as  limestone,  sand,  and  gravel  for 
concrete  purposes  should  be  brought  from  considerable  distances. 
The  significant  fact  has  been  brought  out,  however,  during  a  brief 
study  of  the  field,  that  Chicago  and  her  environs,  included  within  the 
area  described  above,  produce  practically  all  the  concrete  material 
that  is  used  locally,  besides  nearly  all  the  ordinary  dimension  stone 
and  common  clays.  The  granite,  marbles,  and  finer  gr^^des  of  dimen- 
sion stones,  flagging,  curbing,  and  fire  days  are  brought  from  various 
outside  States.  The  granite  areas  near  Green  Lake,  Wis.,  the  lime- 
stone area  near  Bedford,  Ind.,  the  sandstone  area  near  Berea,  Ohio, 
and  the  clay  mines  of  Illinois,  Indiana,  and  Ohio,  are  all  important 
contributors  to  Chicago  construction  work. 

The  importance  to  Chicago  of  a  near-by  and  adequate  supply  of  raw 
materials  for  concrete  purposes  is  very  great,  especially  as  concrete 
construction  in  its  various  forms  is  at  present  making  more  rapid 
advances  than  any  other  type  of  such  work. 

CONSTITUENT  MATERIAIiS. 

VARIETIES. 

The  concrete  materials  produced  in  the  Chicago  district  consist,  in 
the  order  of  quantities  produced,  of  crushed  magnesian  limestone; 
sand;  gravel,  part  of  which  is  crushed;  and  Portland  and  natural 
cements.  The  crushed  stone  constituent  closely  approximates  dolo- 
mite in  composition,  and  is  derived  from  the  Niagara  formation,  which 
underlies  the  entire  district,  either  outcropping  at  the  surface  or  lying 
below  thicknesses  of  glacial  drift  ranging  from  a  few  feet  to  125  feet. 
The  sand  and  gravel  are  derived  from  three  types  of  material — (a)  gla- 
cial drift  and  outwash  from  the  drift  sheet,  (6)  shore  deposits  of  the 
present  Lake  Michigan,  and  (c)  deposits  on  old  beaches  of  the  former 
extended  glacial  lake.  Cements,  though  manufactured  at  Chicago, 
are  not  strictly  of  local  materials,  the  limestone  that  enters  into  their 
composition  being  brought  from  Fainnount,  a  point  in  east-central 
Illinois  about  100  miles  south  of  the  district  as  defined  in  this  paper. 

VALUE. 

It  has  proved  difficult  to  ascertain  exactly  the  value  of  the  various 
materials  produced  in  the  Chicago  district  that  are  used  in  concrete 
work,  for  the  reason  that  in  making  returns  producers  are  not  always 
able  to  state  definitely  the  uses  to  which  the  whole  of  their  output  of 
broken  stone  is  put.     However,  if  we  consider  as  concrete  material 

47076— Bull.  340—08 25 
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all  the  crushed  stone  produced,  except  that  sold  for  flux  and  for  lime 
burning,  the  approximate  value  of  this  material  produced  in  the  dis- 
trict in  1906  was  neariy  $2,000,000.  The  value  of  the  sand  produced 
during  the  same  period  was  $205,500,  and  that  of  the  gravel  was 
$198,034.  The  total  value  of  these  concrete  materials  was  therefore 
a  little  less  than  $2,500,000.  Returns  for  1907  are  not  yet  available, 
but  it  is  likely  that  the  figures  for  that  year  will  not  exceed  those  of 

1906,  as  general  building  operations  were  greatly  curtailed  during 

1907.  The  extensive  construction  work  at  the  new  town  of  Grary, 
Ind.,  being  built  by  the  United  States  Steel  Corporation,  probably 
offset  in  part  at  least  the  general  inactivity  in  Chicago,  the  stone  for 
Gary  being  almost  wholly  derived  from  the  Chicago  district. 

DETAILED  DESCRIPTION  OF  MATEBIAIjS. 

NIAGARA  LIMESTONE. 
CHARACTER   AND   DISTRIBUTION. 

The  Niagara  limestone  of  the  Silurian  system  underiies  all  .but  the 
southwest  comer  of  the  district.  It  consists  mainly  of  highly  mag- 
nesian  limestone,  but  contains  some  shale  near  the  base.  Under 
probably  nine-tenths  of  the  area  the  rock  is  covered  by  glacial  drift 
and  recent  soil  and  alluvium,  the  total  thickness  of  which,  in  places, 
is  as  great  as  125  feet,  although  generally  it  ranges  between  30  and 
80  feet.  The  exposures  of  Niagara  rock  are  mostly  in  the  southeastern 
quarter  of  the  district  as  defined  in  this  paper,  and  they  are  due  (a) 
to  irregularities  in  the  bed-rock  surface,  (6)  to  stream  erosion,  or  (*^) 
to  a  combination  of  these  two  causes.  The  preglacial  surface  or  bed- 
rock topography  was  undulating  as  compared  with  the  present  flat 
plain  upon  which  Chicago  stands,  and  the  ancient  hills  of  limestone 
arc  consequently  buried  by  a  less  thickness  of  drifjb  than  the  valleys — 
in  fact,  in  several  places  these  limestone  hills  reach  ihe  present  surface. 

Within  the  city  limits  of  Chicago  there  are  10  or  more  places  where 
the  limestone  either  is  exposed  in  a  small  area  or  else  has  been  found 
to  be  so  thinly  covered  by  drift  that  stripping  and  quarrying  are  prac- 
ticable. West,  southwest,  and  south  of  the  city  there  are  25  or  more 
small,  isolated  exposures,  at  most  of  which  quarrying  is  now  or  has 
been  carried  on. 

The  main  outcrop  area  in  the  district  extends  along  the  valley  of 
Desplaines  River  from  Sag  Bridge  to  a  point  10  miles  below  Joliet. 
Here  the  rock  forms  the  valley  floor,  overlain  in  places  by  a  few^  feet 
of  alluvium  or  by  outwash  sand  and  gravel,  and  locally  it  rises  30 
to  50  feet  in  the  bluffs.  A  few  exposures  occur  also  along  other 
streams  within  the  district,  such  as  Salt  Creek  near  Lagrange,  Dupage 
River  near  Naperville,  and  Fox  River  at  Batavia,  St.  Charles,  and 
South  Elgin.     (See  map,  fig.  24.) 
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The  total  thickness  of  the  Niagara  formation  in  the  district  ranges 
from  250  to  more  than  400  feet,  and  it  is  probable  that  the  original 
thickness  was  greater  than  this,  because  there  was  opportunity  for 
preglacial  erosion  of  beds  lying  above  the  present  surface. 

The  character  of  the  rock  at  the  various  outcrops  and  quarries 
within  the  area  covered  by  the  Chicago  geologic  foUo  is  described  in 
.  that  foUo  by  WiUiam  C.  Alden.*  Since  the  foho  was  published  im- 
portant new  quarries  have  been  opened  within  that  area,  particularly 
at  Gary,  Lagrange,  and  McCook. 

Just  southeast  of  Lagrange,  on  the  northeast  side  of  the  Chicago 
Jimction  Railway,  are  the  quarries  of  the  Federal  Stone  Company  and 
the  Lagrange  Stone  Company,  both  of  which  have  been  opened  within 
the  last  two  or  three  years,  and  are  about  20  feet  deep.  The  strata  do 
not  outcrop  at  this  place,  although  they  approach  within  a  foot  or  two 
of  the  surface,  where  the  cover  is  thinnest.  The  surface  of  the  rock 
is  uneven,  and  a  short  distance  to  the  east  and  northeast  the  cover 
becomes  too  thick  for  stripping.  The  rock  has  generally  a  slight  dip 
to  the  southeast,  but  in  places  dips  as  steep  as  20°  were  noted.  The 
top  rock  is  rather  thin  bedded,  and  generally  is  oxidized  to  a  buff 
color  2  to  10  feet  below  the  surface,  but  is  fairly  white  below  the 
oxidized  zone.  The  composition  of  the  rock  is  shown  by  analyses  4 
and  5  on  page  394. 

A  new  quarry  was  being  opened  near  McCook  in  the  summer  of  1907 
by  the  United  States  Crushed  Stone  Company.  The  stripping  is  thin 
and  when  removed  discloses  beds  that  are  much  fractured  and 
weathered  to  a  light-buff  color  the  full  depth  of  the  opening,  about  15 
feet.  Work  is  being  pushed  at  this  quarry,  the  excavation  being 
facihtated  by  use  of  a  steam  shovel.  Clay  pockets  are  encountered 
in  places  in  the  limestone.  The  product  is  crushed  and  sold  at  present 
mainly  for  fluxing  material.  The  average  analysis  (No.  7,  p.  394) 
indicates  the  composition  of  the  rock,  and  illustrates  the  fact  that, 
although  the  material  may  be  uniformly  of  a  buff  color,  rather  than 
white,  it  is  quite  as  free  from  impurities  as  the  unoxidized  beds  found 
at  greater  depths. 

From  the  analysis  which  was  submitted  by  the  stone  producers  the 
rock  is  seen  to  be  a  fairly  pure  magnesian  limestone,  closely  approxi- 
mating the  composition  of  dolomite,  and  therefore  highly  desirable 
for  fluxing  purposes.  On  account  of  its  buff  color  its  value  should 
not  be  less  for  concrete  material,  except  where  a  very  light-colored 
stone  is  required  for  exposed  construction.  After  the  quarry  reaches 
greater  depth  the  lighter  colored  stone  will  be  found. 

a  Description  of  the  Chicago  district:  Geologic  Atlas  U.  S.,  folio  81,  U.  S.  Qeol.  Survey,  1902. 
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At  Gary,  southwest  of  McCook,  is  the  new  quarry  of  Dolese  & 
Shepard.  In  August,  1907,  this  opening  comprised  about  15  acres 
and  showed  a  section  about  as  follows: 

Section  of  Niagara  limestone  at  Dolese  6c  Shepard  quarry^  Oary^  III. 

Soil  and  drift 6  inches  to  4  feet. 

Magnesian  limestone,  buff  colored,   slightly  stained  and 

weathered  into  thin  strata 4  to  10  feet. 

Magnesian  limestone,  light  grayish  blue,  ranging  from  fine 
grained  and  dense  to  fairly  porous;  the  beds  are  thicker 
than  the  surface  rock,  reaching  a  thickness  in  places  of  15 
inches;  a  few  clay  seams  are  present  where  the  bedding 
planes  are  irregular  and  in  joint  plades;  fossils  are  abun- 
dant   27  to  30  feet. 

The  rock  lies  almost  horizontal,  and  is  cut  by  two  sets  of  joints 
nearly  at  right  angles  to  each  other  and  extending  northeast-south- 
west and  northwest-southeast.  In  the  section  are  three  or  four 
bands  of  light  pinkish-gray  porous  rock,  7  to  12  inches  thick,  that  can 
be  traced  halfway  round  the  opening  or  farther,  and  such  rock  is 
found  to  make  the  most  excellent  lime.  Crushed  stone,  rubble,  and 
flux  are  the  principal  products  here,  and  lime  is  soon  to  be  burned. 

The  composition  of  the  rock  at  Gary  is  shown  by  analysis  No.  8, 
page  394,  which  represents  an  average  of  twenty-seven  analyses,  one 
being  made  each  week. throughout  the  last  half  of  1903,  a  total  of  811 
carloads  having  been  sampled. 

The  following  section  represents  a  quarry  at  Lemont: 

Section  at  quarry  of  Western  Stone  Company,  Lemont. 

Ft.     in. 

Soil 1         6 

Magnesian  limestone,  thin  bedded,  cherty 4 

Magnesian  limestone,  in  beds  about  1  foot  thick;  contains  some 

chert  nodules 3 

Magnesian  limestone,  similar  to  above,  but  in  beds  10  inches 

thick 1         8 

Magnesian  limestone,  massive,  very  cherty,  in  two  beds  of  equal 

thickness 2        5 

Magnesian  limestone,  sparingly  cherty 1        9 

Magnesian  limestone,  cherty,  with  ''hackly"  fracture,  in  four 

thin  beds 1        3 

Magnesian  limestone,  gray,  fine  grained,  chert  free,  massive  bed.     2        5 
Magnesian  limestone,  gray,  fine  grained,  chert  free,  in  two  beds, 

1  foot  5  inches  thick 2       10 

Magnesian  limestone,  fine  grained,  chert  free,  in  one  bed,  called 

*'  Washington  ledge " 1        3 

Magnesian  limestone,  gray,  fine  grained,  chert  free,  in  two  beds, 

3  and  7  inches  thick 10 

Magnesian  limestone,  gray,  fine  grained,  chert  free,  one  massive 

bed 3-11 

Water  level  of  quarry. 

The  cherty  beds  at  this  quarry  can  not  be  used  for  dimension  stone, 
but  they  make  good  road  material  and  ballast. 
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On  the  north  side  of  Desplaines  Valley,  about  three-fourths  of  a 
mile  northeast  of  Lemont,  the  Niagara  limestone  rises  35  to  50  feet  in 
the  bluff  at  the  quarry  of  the  Young  Stone  Company.  Here  the  fol- 
lowing section  is  exposed: 

Generalized  section  at  quarry  of  Young  Stone  Company ^  Lemont, 

Ft. 

Soil , i 

Gravel 3-4 

Magnesian  limestone,  thin  bedded,  weathered,  and  fractured 5 

Magnesian  limestone,  even,  medium  bedded,  fine  grained,  buff, 

noncherty 6 

Magnesian  limestone,  even,  medium  bedded,  cherty,  gray 7 

Magnesian  limestone,  even,  heavy  bedded,  cherty,  light  colored ...  2 
Magnesian  limestone,  thin  to  medium  bedded,  fine  grained,  non- 
cherty   6 

Magnesian  limestone,  heavy  bedded,  fine  grained,  noncherty,  light 

colored 10 

Rubble,  dimension,  and  crushed  stone  are  quarried  from  these  beds. 

Down  the  river  from  Lemont  to  a  point  about  10  miles  below  Joliet, 
the  Desplaines  Valley  is  cut  in  the  rock  so  that  exposures  are  numer- 
ous, both  along  the  valley  sides  and  in  quarries,  excavated  in  the  valley 
bottom.  The  sanitary  and  ship  canal  of  Chicago,  extending  nearly 
to  Joliet,  has  been  cut  in  the  rock  along  this  part  of  its  course  and  con- 
sequently a  large  quantity  of  broken  rock  is  available  here.  This 
material  is  being  gradually  utilized  for  riprap,  ballast,  filling,  and 
crushed  stone.  At  Lemont  broken  stone  from  the  spoil  banks  of  the 
canal  is  being  loaded  on  barges  and  carried  to  Chicago,  where  it  is  used 
in  lake  front  improvement  work  at  Lincoln  Park.  Two  miles  below 
Lemont  the  Western  Stone  Company  operates  two  crushers  which 
are  converting  the  rock  of  the  spoil  bank  into  concrete  material,  and 
the  product  is  shipped  to  Chicago  via  the  canal.  The  weathering  of 
the  rock  where  it  has  been  piled  for  ten  years  has  not  been  great.  The 
material  is  mainly  hard  and  gritty,  but  the  surface  rock  is,  of  course, 
oxidized  on  the  outside.  Some  portions  of  the  spoil  bank  naturally 
furnish  rock  that  is  preferable  to  that  in  other  localities,  depending  on 
the  texture  and  the-amount  of  chert  and  of  clay  present. 

For  about  3  miles  below  Lemont  the  valley  sides  are  lined  with 
abandoned  quarries,  where  excellent  dimension  stone  was  obtained 
in  the  days  before  concrete  construction  was  extensively  employed. 
The  rock  suitable  for  dimension  stone,  known  to  the  trade  as  '^Athens 
marble,"  is  found  in  its  best  development  at  and  near  Lemont, 
although  good  beds  of  it  are  found  as  far  south  as  JoUet.  Quarrymen 
have  appUed  the  term  '^tame  stone''  to  rock  that  is  fine  grained, 
smooth  textured,  even  bedded,  and  noncherty,  and  such  rock  makes 
the  best  dimension  stone.  They  have  Ukewise  appUed  the  term 
''wild  rock"  to  rock  that  is  irregularly  bedded,  breaks  with  a  rough 
fracture,  and  contains  argillaceous  material  or  chert  or  both.     Such 
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rock  often  makes  very  desirable  crushed  stone,  and  although  it  had 
to  be  discarded  before  the  era  of  concrete,  it  is  now  as  valuable  for 
crushing  purposes  as  the  ^^tame  stone,''  and  by  some  producers  is 
held  to  be  preferable,  for  some  of  it  is  found  to  yield  on  crushing  a 
more  nearly  cubical  fragment  than  the  '^tame  stone,"  which  tends  to 
crack  into  thin  chips  when  crushed. 

Within  the  city  of  JoUet,  and  for  2  or  3  miles  north  and  south  from 
its  center,  the  quarrying  industry  is  active,  about  15  important  open- 
ings having  been  noted  in  September,  1907.  On  the  west  bluff  of 
Desplaines  Valley,  in  the  SE.  J  sec.  33,  Lockport  Township,  the 
quarry  of  the  Commercial  Stone  Company  shows  the  following  section: 

Section  at  quarry  of  Commercial  Stone  Company,  near  Joliet, 

Feet. 

Soil ^ 1-2 

Gravel .* 4-6 

Magnesian  limestone,  buff  colored,  weathered,  thin  bedded,  and 

cherty 5-9 

Magnesian  limestone,  light  gray,  even  grained,  in  medium  to  thick 
beds,  with  a  few  cherty  strata  near  bottom 37d: 

These  beds  dip  2°  to  3°  NW.,  and  are  cut  by  two  very  prominent 
sets  of  joints.  One  of  these  sets  extends  N.  40°  E.  and  the  joint 
planes  are  vertical,  clean  cut,  or  enlarged  by  solution,  and  are  spaced 
at  intervals  of  46  to  50  feet.  The  other  set  of  joints  extends  prac- 
tically at  right  angles  to  the  first  set,  but  the  planes  are  less  regular 
and  persistent,  and  they  pitch  steeply  to  the  southeast.  Water 
descending  from  the  gravel  above  the  limestone  has  opened  numerous 
large  channels  through  the  rock,  and  many  of  these  are  filled  with 
clay  when  opened  in  quarrying.  Along  one  joint  plane  so  much  rock 
has  been  removed  by  solution  that  the  upper  beds  have  caved  down 
into  the  opening.  Rubble  is  the  principal  product  of  the  quarry  at 
present. 

On  the  east  side  of  the  valley,  about  one-fourth  mile  south  of  the 
north  line  of  Joliet  Township,  a  quarry  and  crushing  plant  is  operated 
by  the  State  Penitentiary.  The  quarry  is  excavated  below  the  level 
of  the  valley  bottom,  and  shows  the  following  section: 

Section  at  State  Penitentiary  quarry,  Joliet. 

Feet. 

Black  soil  and  limestone  debris 1-2 

Argillaceous  limestone,  thin  bedded  and  flaggy,  somewhat  stained 

to  buff  or  light  brown  color 3 

Magnesian  limestone  in  fine  grained,  medium- thick,  even  beds 5 

Magnesian  limestone,  rough  grained,  irregularly  bedded,  in  medium- 
thick  beds 3 

Magnesian  limestone,  hard,  in  thin  to  medium-thick  strata,  irregu- 
larly bedded,  with  rough  fracture  and  films  of  blue,  hard,  claylike 
material  distributed  through  the  mass.  The  color  of  the  rock  is 
light  pink 6 
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The  rock  obtained  here  is  used  for  road  making  throughout  the 
State. 

The  Western  Stone  Company  operates  a  large  quarry  near  South 
Richards  street,  in  the  southern  part  of  Joiiet.  In  this  and  neigh- 
boring quarries  the  Niagara  hmestone  is  exposed  for  more  than  one- 
half  mile  along  the  Michigan  Central  and  Elgin,  JoUet  and  Eastern 
tracks  to  depths  ranging  from  15  to  50  feet.  The  following  section 
shows  the  general  character  of  the  upper  part  of  the  rock  and  its 
cover  at  this  place: 

General  section  at  quarry  of  Western  Stone  Company j  Joiiet, 

Feet. 

Soil,  gravel,  peat,  and  calcareous  clay,  with  minute  shells 2-20 

Magnesian  limestone,  thin  bedded,  flaggy,  and  weathered  to  yellow 
or  buff  color  on  top;  the  rock  is  even  bedded  and  fine  grained 
(tame  stone).  Lower  beds  become  lighter  colored  and  reach 
thicknesses  of  2  feet 17 

Magnesian  and  argillaceous  gray  limestone  (wild  rock)  in  rough- 
surfaced,  irregular  beds,  1  to  3  feet  thick,  mostly  chert-free 10-15 

Beds  similar  to  above,  but  thicker  bedded,  and  containing  a  little 
chert  in  small  nodules,  as  well  as  considerable  bluish-green 
argillaceous  materials  on  the  pitted  surfaces  of  the  beds 12-15 

The  "  tame  stone''  is  used  for  dimension  stone,  flagstone,  and  curbs. 
The  "wild  rock"  is  entirely  crushed.  It  is  very  hard,  and  crushes 
into  well-shaped  lumps. 

The  beds  are  jointed,  the  planes  trending  nearly  due  northwest- 
southeast  and  northeast-southwest.  The  first-mentioned  joints 
appear  usually  to  be  inclined  to  the  northeast,  but  those  of  the  second 
set  are  more  commonly  vertical.  There  has  been  rather  general 
though  slight  slipping  of  the  strata  on  the  northwest-southeast  joint 
planes.  TTie  displacement  reaches  2  inches  in  a  number  of  places, 
and  the  downthrow  is  toward  the  direction  of  incUnation  of  the  joint 
plane,  or  usually  toward  the  northeast.  Where  the  hade,  orfeclina- 
tion,  is  in  the  opposite  direction  the  downthrow  is  there  found  to  be 
in  the  direction  toward  which  the  plane  is  inclined,  or,  in  other  words, 
the  miniature  fault  is  everywhere  a  normal  one.  In  working  the  rock 
advantage  is  taken  of  this  general  drop  on  the  northeast  side  of  the 
joint  planes,  as  it  is  possible  thus  to  pry  loose  and  move  slabs  and 
blocks  with  greater  facility  than  where  there  is  no  offsetting  in  the 
beds. 

As  nearly  all  the  quarries  at  Joiiet  are  comparatively  shallow,  few, 
if  any,  additional  facts  would  be  brought  out  by  further  descriptions. 
In  general  it  is  shown  that  cherty  beds  usually  outcrop  in  the  river 
bluffs,  and  that  below  these  cherty  beds  there  are  alternations  of 
noncherty  *Hame"  and  "wild"  rock,  and  in  places  beds  that  are 
sparingly  cherty  at  25  feet  or  more  below  the  level  of  the  flood  plain. 
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Southwestward  down  Desplaines  Valley  to  the  mouth  of  Rock  Run 
the  normal  magnesian-limestone  character  of  the  Niagara  remains 
constant,  although  exposures  below  the  south  line  of  Joliet  Town- 
ship are  fewer  because  of  the  presence  of  gravel  terraces  in  the  valley. 
In  the  vicinity  of  Rock  Run,  however,  and  extending  southeastward 
to  the  vicinity  of  Millsdale,  is  a  bed  of  shale  very  similar  to  the  Maquo- 
keta  shale  thai  lies  below  the  Niagara  formation.  About  11  feet  of 
this  shale  is  exposed  at  the  pit  of  the  Millsdale  Pressed  Brick  Com- 
pany on  the  edge  of  the  valley  one-half  mile  east  of  Millsdale  station. 
To  the  southwest  of  and  stratigraphically  below  this  shale  lies  a 
coarse-grained,  roughly  weathering  fossiliferous  limestone.  It  is 
cherty  and  in  places  contains  large  numbers  of  calcite  nodules.  This 
rock  is  exposed  in  the  wagon  road  near  Desplaines  River  south  of 
Millsdale,  below  the  Atchison,  Topeka  and  Santa  Fe  Railway  culvert  1 
mile  southwest  of  Millsdale;  in  Rock  Run  just  below  the  bridge  of  the 
Chicago,  Rock  Island  and  Pacific  Railway;  along  Dupage  River  above 
the  Rock  Island  Railway  bridge,  and  at  other  places  in  the  vicinity. 
Fossils  collected  from  the  exposure  on  Rock  Run,  where  the  relations 
of  the  limestone  to  the  shale  are  very  clear,  and  from  the  Millsdale 
locality,  were  submitted  to  Dr.  Stuart  Weller  of  the  Illinois  Geological 
Survey,  and  were  pronounced  by  him  to  be  Niagara  forms.  The  shale 
did  not  yield  any  fossils  where  examined.  The  limestone  below  the 
shale  is  very  dissimilar  to  Niagara  limestone.  It  bears  some  resem- 
blance to  the  Galena  limestone,  but  unless  further  detailed  studies 
demonstrate  the  contrary,  the  rock  must  be  considered  as  belonging 
to  the  Niagara  formation,  on  the  paleontologic  evidence  furnished  by 
Doctor  Weller. 

From  an  economic  standpoint  this  limestone  below  the  shale  bed 
can  not  be  regarded  as  of  present  importance  to  the  concrete  industry 
for  the  following  reasons:  (a)  Its  texture  is  not  sufficiently  uniform, 
as  it  contains  a  mixture  of  calcite,  magnesian  limestone,  and  chert; 
and  (6)  its  outcrop  area  is  too  remote  from  markets  to  enable  it  to 
compete  with  the  better  Niagara  limestone,  which  occurs  in  prac- 
tically inexhaustible  quantities  in  more  advantageous  situations. 
Therefore  the  survey  of  the  Desplaines  Valley  for  limestone  concrete 
material  available  to  the  Chicago  market  was  terminated  with 
Millsdale  as  its  southwestern  limit. 

The  thickness  of  the  Niagara  limestone  in  a  city  well  at  Ottawa 
street  and  Crowley  avenue,  Joliet,  was  reported  by  the  city  engineer 
to  be  220  feet.  Below  this  the  record  showed  a  bed  of  shale  140 
feet  thick  (Maquoketa),  and  next  below  was  225  feet  of  limestone 
(Galena).  There  is  thus  at  Joliet  no  record  of  a  thin  bed  of  shale 
toward  the  base  of  the  Niaorara. 
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On  Fox  River  the  Niagara  rock  was  observed  to  outcrop  at  about 
six  places,  and  inasmuch  as  no  especial  search  was  made  for  outcrops 
in  the  gravel  district  there  are  doubtless  others.  Two  of  these  out- 
crops are  on  the  east  and  west  sides  of  Fox  River  about  1  mile  north 
of  the  center  of  Batavia,  and  quarrying  in  a  small  way  for  local  use 
has  evidently  been  carried  on  here.  Another  outcrop  was  observed 
west  of  the  river,  in  the  northern  part  of  St.  Charies. 

At  South  Elgin,  on  the  west  side  of  Fox  River,  the  Niagara  lime- 
stone comes  to  the  surface  of  the  valley  bottom  and  is  being  exploited 
at  the  quarry  of  Magnus  &  Hagel.  The  rock  occurs  in  thin  beds 
with  irregular,  horizontal,  wavy  bedding  planes  usually  coated  with 
thin  seams  of  bluish-green  clay.  The  rock  breaks  with  irregular 
rough  fracture  and  is  rather  cherty.  At  20  feet  below  the  top  there 
are  3  feet  of  beds  in  which  the  chert  nodules  are  large  and  almost 
predominate  in  the  strata.  The  material  is  typically  a  ''wild  rock" 
and  is  highly  magnesian.  The  top  5  to  10  feet  of  beds  are  weathered 
and  stained  to  a  buff  color.  The  rock  is  sparingly  fossiliferous  and 
in  places  contains  crystals  of  dolomite  and  pyrite. 

On  West  Branch  of  Dupage  River,  three-fourths  of  a  mile  south- 
west of  the  railroad  station  at  Naperville,  is  a  small  area  of  Niagara 
limestone  exposed  by  this  stream.  The  rock  has  been  quarried 
extensively  here  in  former  years,  but  the  workings  are  now  aban- 
doned and  the  pits  are  filled  with  water.  The  cover  that  was  stripped 
ranged  in  thickness  from  4  to  15  feet,  principally  of  drifts  and  the  cuts 
were  from  40  to  70  feet  deep.  The  quarries  formerly  furnished  bridge 
stone,  dimension  stone,  rubble,  and  crushed  stone.  The  rock  was 
apparently  used  largely  in  the  construction  of  the  older  buildings  at 
Naperville.  Much  of  the  rock  obtained  was  massive  bedded  and 
even  grained,  and  some  was  evidently  cherty. 

CHEMICAL   COMPOSITION. 

An  important  use  to  which  the  Niagara  magnesian  limestone  is  put 
in  the  vicinity  of  Chicago  is  as  a  flux  in  iron  and  steel  making.  Vast 
quantities  of  Lake  Superior  ore  are  smelted  and  the  iron  is  converted 
into  steel  at  the  works  of  the  Illinois  Steel  Company  at  South  Chicago 
and  JoUet.  At  Indiana  Harbor,  Ind.,  the  plant  of  the  Inland  Steel 
Company  has  commenced  operations,  and  the  United  States  Steel 
Corporation  is  erecting  works  of  such  magnitude  near  the  lake  shore 
in  northwestern  Indiana  that  the  construction  of  the  new  town  of 
Gary  has  been  begun.  As  the  Lake  ore  contains  a  very  low  percentage 
of  lime  and  magnesia,  good  fluxing  stone  is  very  much  in  demand  and 
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many  working  analyses  of  the  Niagara  rock  are  available.     A  few  of 
these  are  given  below: 

Analyses  cf  Niagara  limestone. 
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a  The  lime  and  magnesia  are  here  given  in  term3  of  the  carbonate  in  order  more  readily  to  show  how 
closely  the  composition  of  the  rock  approaches  that  of  dolomite  (CaCOs-i54.3S  per  cent;  MgCOa— 45J6 
percent). 

1.  From  Dolese  &  Shepard,  Hawthorne  quarry.  Average  of  18  analyses  made  on  878  carloads  of 
stone  in  1904. 

2.  From  basal  beds  at  quarry  of  Brownell  Improvement  Co.,  Thornton.    Rock  is  burned  for  lime. 

3.  From  beds  near  middle  of  face  of  same  quarry  at  Thornton.    Rock  can  not  be  burned  for  lime. 
4  and  5.  Samples  averaged  from  top  20-foot  face  at  quarry  of  Federal  Stone  Co.,  Lagrange. 

6.  From  Dolese  &  Shepard,  McCook  quarry.  Average  of  36  analyses  made  on  803  carloads  of  stone  in 
1903. 

7.  From  United  States  Crushed  Stone  Co.,  McCook.    Average  of  6  analyses 

8.  From  Dolese  &  Shepard,  Gary  (111.)  quarry.  Average  of  27  analyses  made  on  811  carloads  of  stone 
In  1903. 

9.  * '  Athens  marble ' '  from  Lemont.    Analysis  furnished  by  Western  Stone  Co. 

10  and  11.  Averaged  analyses  from  quarry  of  Joliet  Flux  Stone  Co.,  Romeo. 

GENERAL  METHODS  OF  PREPARATION  OF  CRUSHED  STONE. 

As  nearly  all  the  stone  quarries  in  the  Chicago  district  are  in  the 
form  of  pits  excavated  below  the  surrounding  surface,  the  problems 
that  have  to  be  met  are  those  peculiar  to  this  type  of  quarry,  and 
therefore  the  same  fundamental  principles  are  very  generally  observed. 
Methods  vary  considerably,  however,  throughout  the  district,  accord- 
ing to  the  size  of  the  quarry,  its  stage  of  development,  the  character 
of  the  rock,  and  the  uses  for  which  it  is  intended.  In  the  initial  stage 
the  rock  must  be  stripped  of  its  overlying  cover  of  soil  and  glacial 
debris.  This  is  usually  done  by  means  of  scrapers,  but  in  the  case 
of  deposits  5  or  6  feet  thick  a  steam  shovel  may  be  advantageously 
employed,  particularly  where  the  same  shovel  can  be  used  for  further 
work  in  handling  the  broken  upper  courses  of  rock.  A  thickness  of 
6  feet  of  cover  is  considered  to  be  about  the  maximum  limit  profitable 
to  strip  at  present.  Drilling  and  blasting  are  universally  employed 
to  break  up  the  rock,  but  here  again  occurs  a  wide  diversity  in  prac- 
tice.    Both  steam  and  compressed  air  are  used  in  drilling,  the  latter 
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preferably  on  long  lines.  The  depth  drilled  ranges  from  3  J  feet  to 
24  feet.  The  charges  also  vary  considerably  in  number,  character, 
and  strength.  Most  quarrymen  use  dynamite,  although  a  few  prefer 
black  powder.  The  thoroughness  with  which  the  stone  is  broken  up 
in  blasting  contributes  toward  the  economical  operation  of  a  quarry. 
At  some  quarries  large  quantities  of  rock  are  shot  out  in  huge  blocks 
and  these  require  reblasting  and  also  a  great  deal  of  subsequent 
breaking  with  sledges  to  reduce  the  stone  to  a  suitable  size  for  the 
crusher.  At  one  quarry,. operated  by  an  expert  powder  man,  holes 
are  drilled  2  feet  apart,  4  to  10  feet  from  the  face,  in  two  rows,  and  set 
"staggering."  At  times  as  many  as  100  shots  are  fired  at  once,  and 
as  a  result  very  little  reblasting  is  found  necessary. 

At  practically  all  the  quarries  equipped  with  crushers,  the  crushers 
are  situated  at  the  surface,  above  the  quarry,  so  that  the  rock  has 
to  be  raised  to  them.  At  the  greater  number  of  quarries  the 
broken  rock  is  loaded  by  hand  and  hauled  in  automatically  dumping 
cars  up  an  incline  by  cable.  At  a  few  of  the  larger  but  shallow 
quarries  the  rock  is  loaded  by  steam  shovels.  Rock  for  Ume  burning 
or  for  rubble  is  generally  selected  and  loaded  by  hand.  In  very  deep 
pits  platform  elevators  are  in  use,  s(J  built  that  they  carry  one  or  two 
loaded  cars  at  a  time.  The  character  and  capacity  of  the  tram  cars 
vary  according  to  the  general  character  of  thfe  equipment  of  the 
quarry,  cars  of  wood  or  steel  that  hold  2  to  3  yards  of  broken  stone 
being  used.  In  crushing  the  stone  several  types  of  equipment  are 
employed,  but  each  aims  to  break  the  stone  and  to  separate  it  into 
definite  sizes  by  dry  screening.  For  concrete  purposes  the  stone 
should  be  as  free  from  dust  as  it  is  possible  to  make  it,  and  therefore 
plants  which  pay  especial  attention  to  the  screening  end  of  the 
process  produce  the  best  grade  of  concrete  material. 

One  of  the  largest  and  most  efficient  plants  in  the  district  consists 
of  two  mills,  one  equipped  with  a  No.  8  and  the  other  with  a  No.  7  J 
Gates  gyratory  crusher,  besides  two  No.  5  crushers  each.  The  capac- 
ity of  the  two  sets  of  crushers  is  respectively  about  200  tons  and  170 
tons  per  hour,  giving  an  average  daily  output  of  about  3,000  tons. 
The  rock  is  put  through  rotary  cyUndrical  .steel  screens,  that  give  the 
following  sizes:  "Screenings,"  less  than  one-fourth  inch;  "roofing," 
one-fourth  to  one-half  inch;  "concrete,"  one-half  to  1  inch;  fine 
medium,  1  inch  to  IJ  inches;  "medium,"  1 J  to  2Jt  inches;  macadam, 
2^  to  5  inches;  and  fluxing  stone,  5  to  7  inches,  the  last  size  being 
rejected  by  the  coarsest  screen.  Crushed  stone  is  screened  dry  as 
contrasted  with  the  washing  process  to  which  gravel  is  subjected 
when  crushed  and  screened.  As  a  rule  the  broken  stone  comes  from 
the  quarry  with  Uttle  or  no  foreign  material,  and  whenever  a  clay 
seam  or  pocket  is  encountered  it  is  cheaper  to  extract  that  material 
in  the  quarry  than  to  remove  it  by  washing  in  the  mill.     Another 
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large,  newly  built  plant  is  equipped  with  one  No.  8,  two  No.  5,  and 
two  No.  3  crushers  and  four  screens.  The  reported  product  of  this 
mill  at  the  start  was  1,600  to  3,000  cubic  yards^  per  day.  One  plant, 
equipped  with  one  No.  7i  and  two  No.  4  McCully  crushers,  is  reported 
to  average  700  to  800  cubic  yards  per  day  of  stone  in  five  grades 
ranging  from  seven-eighths  inch  to  2  inches,  besides  screeniags. 
Still  another  system  of  crushers  in  use  is  the  Austin.  At  a  plant 
equipped  with  one  Austin  No.  7,  one  Austin  No.  4,  one  Gates  No.  3 
crusher  and  two  screens,  the  capacity  per  day  is  reported  to  be  SCO 
yards. 

AVAILABLE    LIMESTONE. 

The  reserves  of  Niagara  Umestone  in  the  Chicago  district  suitable 
for  crushing  into  concrete  material  are  practically  inexhaustible. 
The  supply  in  those  city  quarries  that  are  hemmed  in  by  streets  and 
buildings  is  of  course  limited  because  city  values  will  prevent  areal 
enlargement  of  the  pits,  and  they  must  be  sunk  deeper  and  deeper 
until  they  reach  the  limit  of  depth  beyond  which  it  is  impracticable 
to  raise  rock,  or  until  they  reach  the  underlying  shale.  It  is  thought 
that  the  deepest  quarries  still  have  more  than  100  feet  of  stone  below 
their  lowest  levels,  so  that  their  continuation  is  mainly  a  question  of 
costs,  and  in  such  quarries  sUghtly  increased  costs  of  working  are 
offset  by  central  location  and  consequent  decrease  of  cost  of  delivery  to 
consumers. 

In  the  discussion  of  the  Niagara  formation  the  distribution  of  avail- 
able material  has  been  outUned  in  connection  with  the  description  of 
working  quarries.  The  main  areas  are  shown  on  the  map  (fig.  24). 
The  Desplaines  Valley  will  probably  always  continue  to  furnish  the 
greater  supply  of  crushed  stone,  although  there  is  room  for  much 
more  excavation  at  Stony  Island,  Blue  Island,  Thornton,  Lagrange, 
Naperville,  and  at  points  on  Fox  River. 

Sanitary  and'sliip  canal  spoil  hanlc. — The  broken  stone  piled  along 
the  rock-cut  portion  of  the  sanitary  and  ship  canal  constitutes  an  im- 
portant stock  of  material  that  is  available  without  having  to  be  quar- 
ried. Tests  of  this  material  made  by  the  Chicago  city  engineering 
department  show  that  although  the  rock  tested  was  necessarily  taken 
from  the  outside,  or  weathered  portion  of  the  spoil  bank,  the  char- 
acter still  remains  good,  and  it  must  reasonably  be  expected  that  on 
the  inside  of  the  pile  also  it  should  be  sound.  (See  page  389.)  Prom 
Willow  Springs  to  Lockport,  a  distance  of  15  miles,  the  channel  is  cut 
through  rock.  It  is  160  feet  wide  at  the  bottom  and  162  feet  wade  at 
water  line,  and  the  depth  in  this  section  averages  35  feet.  The  grade 
of  the  channel  is  3|^  inches  to  the  mile.  The  walls  in  the  rock  cut, 
having  been  cut  by  channeling  macliines,  are  smooth  and  perpendicular, 
with  offsets.     The  total  amoimt  of  solid  rock  that  has  been  excavated 


a  The  cub'xe  yard  \»  Tt'^givrded  as  equivalent  to  1 J  short  tons. 
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is  estimated  by  the  engineers  of  the  sanitary  district  to  aggregate 
12,912,000  cubic  yards.  When  broken  up  by  blasting  and  piled  in 
miniature  mountain  masses  along  the  borders  of  the  channel,  the  cubic 
contents  of  the  material  was  largely  increased.  After  nearly  eight 
years  of  construction  work,  water  was  turned  into  the  canal  January 
2, 1900,  and  for  several  years  afterwards  these  mountains  of  stone  piled 
along  the  right  of  way  were  regarded  simply  as  an  incumbrance.  Re- 
cently it  has  been  planned  by  the  sanitary  district  board  of  trustees 
to  turn  this  incumbrance  into  an  asset  by  seUing  the  broken  rock  to 
parties  who  will  erect  crushers  and  convert  it  into  stone  for  concrete, 
paving,  etc. 

The  board  has  estimated  that  there  are  about  20,000,000  cubic 
yards  of  stone  in  these  piles — material  enough  to  construct  concrete 
docks  from  the  mouth  of  Chicago  River  throughout  the  length  of  the 
canal,  Desplaines  and  Illinois  rivers  to  St.  Louis,  following  the  course 
of  the  proposed  inland  deep  waterway,  or  else  the  material  could  be 
used  to  construct  a  chain  of  concrete  factory  buildings  and  warehouses 
from  Robey  street,  Chicago,  where  the  canal  begins,  to  Joliet,  40 
miles  inland.  The  price  basis  on  which  the  rock  is  to  be  disposed  of 
by  the  sanitary  district  is  lOi  cents  a  yard  and  a  portion  of  the  net 
profits.*  A  beginning  has  already  been  made  toward  utilizing  this 
spoil-bank  stone.  As  mentioned  on  page  389,  the  Western  Stone 
Company  is  operating  two  crushers  near  the  county  line  west  of 
Lemont,  and  east  of  Lemont  the  broken  stone  is  being  removed  from 
the  bank  by  steam  shovel  and  shipped,  without  crushing,  via  barges 
on  the  canal  to  the  lake  front  at  Lincoln  Park,  Chicago,  where  it  is 
used  for  riprap.  This  rock  compares  favor^,bly  in  quality  with 
freshly  quarried  limestone. 

Importance  to  proposed  deep  waiervxiy. — All  the  available  rock,  both 
in  the  spoil  bank  and  in  place  in  the  Desplaines  Valley,  is  adjacent  to 
rail  and  water  transportation  faciUties  and  can  be  cheaply  handled. 
These  facts,  in  connection  with  the  almost  limitless  reserves  of  high- 
quaUty  stone,  are  not  only  of  importance  in  assuring  to  Chicago  a 
plentiful  supply  of  stone  for  crushing,  but  they  have  an  important 
bearing  on  the  economical  construction  of  the  proposed  deep  waterway 
from  the  Lakes  to  the  Gulf.  It  must  be  remembered  that  for  most  of 
its  length  Illinois  River,  along  which  much  concrete  work  would  bo 
necessary,  flows  through  the  coal-measure  area,  cutting  into  soft  shale 
and  sandstone  and  exposing  few  limestone  beds  thick  enough  to  quarry 
imtil  the  area  of  Mississippian  rocks  is  reached,  near  its  mouth.  There- 
fore supplies  of  crushed  stone  for  concrete  work  would  have  to  be 
obtained  at  the  extremities  of  this  inland  waterway,  and  the  Chicago 
end  may  be  said  to  be  well  prepared  to  furnish  the  larger  share  of  the 
needed  material. 


a  From  an  industrial  pamphlet  Issued  by  the  sanitary  district  of  Chicago,  1907. 
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GLACIAL  SAND  AND    GRAVEL  <OUTWASH   AND    MORAINE 

MATERIALS). 

CHARACTER   AND   DISTRIBUTION. 

Another  source  of  concrete  materials  in  the  Chicago  district  may  be 
f omid  in  the  sand  and  gravel  of  glacial  origin,  derived  mainly  from  the 
drift  of  Wisconsin  age.  The  deposits  here  considered  lie  mainly  within 
the  morainal  areas,  but  the  character  of  many  of  the  deposits  is  that  of 
outwash  material — that  is,  neariy  clay-free,  stratified  gravel  and  sand, 
as  distinguished  from  the  morainal  material,  which  is  composed  of  clay, 
bowlders,  and  sand  mingled  in  a  confused  mass.  While  the  moraines 
of  the  Wisconsin  drift  sheet  in  northeastern  Illinois  and  southeastern 
Wisconsin  were  being  formed,  there  were  streams  of  water  issuing  from 
the  ice  sheet  and  escaping  to  Mississippi  River  by  way  of  Rock  River 
and  the  tributaries  of  Illinois  River,  the  Fox,  Dupage,  Desplaines,  and 
Kankakee.  These  streams  became  overburdened  with  sand,  gravel, 
and  silt  derived  from  the  glaciers,  and  as  a  result  filled  up  their  beds 
and  valley  bottoms  to  a  greater  or  less  extent.  In  some  places  they 
spread  out  the  detritus  in  terraces,  or  subsequently  cut  a  new  channel 
through  the  filled-up  valley,  leaving  residual  terraces  on  the  valley 
sides. 

The  principal  deposits  of  this  type  which  are  of  economic  importance 
in  the  Chicago  district  are  situated,  as  shown  on  the  map  (fig.  24), 
along  Fox  River  between  Camp  Lake,  Wis.,  and  St.  Charles,  111.; 
on  Desplaines  River  at  Libertyville  and  at  and  below  Joliet,  and  on 
Long  Run,  Spring  Creek,  and  Hickory  Creek,  small  eastern  tributaries 
of  Desplaines  River  near  Joliet.  Beyond  the  area  of  the  map,  in  the 
valley  of  Rock  River,  outwash  deposits  are  exploited  for  the  Chicago 
market  at  Janesville,  Wis.,  and  in  Winnebago  County,  111.,  1  mile 
south  of  Beloit,  Wis.  Besides  these  outwash  deposits  there  is  a  thick 
deposit  of  morainal  gravel  being  worked  at  Fontana,  at  the  west  end 
of  Lake  Geneva, Wis. 

The  important  Fox  River  sand  and  gravel  deposits  in  Illinois  are 
near  Cary,  Algonquin,  Carpentersville,  Elgin,  and  St.  Charles,  and 
the  general  characteristics  of  the  deposits  being  worked  may  be 
indicated  by  descriptions  of  a  few  typical  workings.  At  Cary  the 
deposits  form  a  terrace  on  the  north  side  of  the  river  both  east  and 
west  of  the  Chicago  and  Northwestern  Railway,  and  are  worked  by 
the  railway  and  the  Lake  Shore  Sand  Company.  East  of  the  railway 
the  Lake  Shore  Sand  Company  has  opened  a  face  nearly  one-half 
mile  long.  The  present  workings  are  at  the  northwest  end  of  the 
face  and  disclose  a  bank  about  40  feet  high.  The  material  ranges 
from  fine  quartz  sand  to  bowlders,  a  few  of  which  are  18  inches  in 
diameter  or  larger.     The  bank  is  reported  to  average  75  per  c^nt 
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sand  and  25  per  cent  gravel,  including  everything  larger  than  torpedo 
sand.  The  upper  25  feet  of  the  bank  carries  more  gravel  than  that 
below,  and  in  the  middle  third  is  foimd  the  coarsest  gravel.  There 
are  a  few  ledges  of  partly  consolidated  gravel  conglomerate,  and 
locally  near  the  base  of  the  cut  is  4  to  6  feet  of  sand  that  has  been 
indurated  by  a  dark  ferruginous  cement,  forming  a  sandstone. 
Such  hardened  crusts  of  sand  and  gravel  are  termed  by  the  quarry- 
men  ^'hardpan"  and  this  material  has  to  be  discarded,  as  the  pit  is 
worked  by  steam  shovel  and  the  hardpan  ledges  can  not  be  cut  by 
the  shovel  nor  economically  broken  by  blasting.  West  of  the  Chi- 
cago and  Northwestern  Railway  the  Lake  Shore  Sand  Company  is 
working  a  pit  about  75  feet  deep,  below  which  water  and  quicksand 
are  encoimtered.  The  material  here  runs  irregularly  as  to  its  content 
of  sand  and  gravel,  but  will  probably  yield  a  higher  percentage  of 
sand  than  the  bank  east  of  the  railway.  The  middle  third  (verti- 
cally) will  probably  yield  75  per  cent  of  sand,  the  upper  part  a  little 
less,  and  the  lower  part  a  great  deal  more.  The  character  of  the 
material  varies  greatly  from  place  to  place,  lenses  or  pockets  of  sand 
and  gravel  occurring  without  apparent  system.  For  instance,  on 
the  southeast  side  of  the  present  pit  there  is  a  bed  of  fine  sand,  ex- 
tending 30  to  40  feet  above  the  bottom,  whereas  on  the  opposite  side 
of  the  pit  alternate  layers  of  gravel  and  sand  extend  down  within  10 
or  15  feet  of  the  base.  At  this  cut  there  is  apparently  no  "hardpan" 
present,  a  fact  which  also  illustrates  the  variability  of  the  local 
deposits. 

For  2^  miles  north  of  Algonquin  sand  and  gravel  are  foimd  on  the 
sides  of  the  small  valley  through  which  the  Chicago  and  North- 
western Railway  passes.  Northward  toward  Crystal  Lake  the 
deposits  of  sand  and  gravel  are  reported  to  grow  thinner.  The 
deposits  at  present  worked  form  the  shoulder  or  border  of  the  upland 
lying  between  this  small  valley  and  Fox  River  to  the  east.  At  the 
bank  of  the  iEtna  Sand  and  Gravel  Company,  about  2  miles  north  of 
Algonquin,  the  heaviest  deposit  of  sand  and  gravel  is  about  60  feet 
thick,  with  2  to  4  feet  of  soil  above  and  reddish  clay  below.  This 
clay  floor  is  about  26  feet  above  the  creek  bed.  The  banks  worked 
here  are  from  20  to  40  feet  thick,  and  they  yield  on  an  average  about 
one-third  gravel  and  two-thirds  sand.  The  gravel  runs  rather  small 
and  contains  only  a  few  bowlders,  which  ar6  foimd  at  the  base  of  the 
deposit.  At  the  top  of  the  deposit  and  following  the  contour  of  its 
surface  is  a  bed  5  to  10  feet  thick  containing  an  equal  if  not  greater 
quantity  of  gravel  than  sand.  Below  this  the  gravel  and  sand  are 
interstratified  in  layers  from  a  few  inches  to  4  or  5  feet  thick,  and  also 
are  mixed  together.  Cross-bedding  is  seen  at  many  places  in  the 
section  and  some  beds  having  this  structure  are  so  firmly  consoli- 
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dated  by  a  calcareous  cement  as  to  form  hard  conglomerate  or  hard 
sandstone.  In  places  this  material  has  assumed  tubular  or  ''pipy" 
shapes.  Such  material  softens  with  exposure  but  does  not  disinte- 
grate entirely.  The  finest  sand  is  neariy  all  made  up  of  quartz  and 
other  crystalline  rock,  but  gives  some  effervescence  in  acid.  The 
coarse  sand  effervesces  more  freely,  showing  a  large  proportion  of 
calcareous  material.  A  carload  of  1-inch  gravel  showed  nearly  20 
per  cent  (roughly  estimated)  of  crystalline  pebbles,  the  remainder 
being  mainly  dolomite  with  some  chert. 

On  the  east  side  of  Fox  River,  li  miles  below  Algonquin,  is  the 
pit  of  the  Richardson  Sand  Company.  The  bank  worked  here  is  in 
the  top  50  feet  of  the  range  of  hills  that  rise  150  feet  above  Fox 
River  at  this  place.  A  general  section  of  the  material  exposed  in  the 
cut  is  as  follows: 

General  section  at  Richardson  Sand  Company]8  pit  near  Algonquin. 

Feet. 

Soil,  dark  brown 1-4 

Gravel  and  bowlders,  very  coarse,  in  places  li  to  2  feet  in  diameter .  10-12 
Gravel,  medium  sized,  with  a  small  proportion  of  coarse  material; 

partly  cemented  to  hard  conglomerate 9-12 

Gravel,  medium  sized  and  streaks  of  croes-bedded  sand 8-14 

Sand,  fine  grained  to  torpedo,  in  croes-bedded  lenses  with  pockets 

of  gravel 12-15 

Clay. 

This  deposit  contains  an  unusual  proportion  of  coarse  material, 
some  of  the  bowlders  being  angular  slabs  of  Niagara  dolomite  so  thick 
as  to  show  more  than  one  stratum.  Many  of  the  large  bowlders  are 
of  crystalline  rock.  The  above  section  can  not  be  regarded  as  per- 
sistent, however,  for  the  variation  in  the  character  of  material  from 
point  to  point  is  very  abrupt.  The  yield  of  sand  and  gravel  is  about 
equal  in  quantity,  although  there  is  a  larger  proportion  of  sand  than 
gravel  in  the  bank.  This  is  due  to  the  fact  that  part  of  the  sand  is 
too  fine  to  be  caught  by  present  methods  of  separation  and  is  conse- 
quently washed  away  with  clay  and  silt  to  the  settling  pond.  When 
stripped,  the  surface  of  this  gravel  is  almost  level. 

From  Carpentersville  to  Algonquin  on  the  east  side  of  Fox  River  de- 
posits of  sand  and  gravel  are  found  in  places,  but  not  continuously. 
For  much  of  the  distance  the  clay  which  underlies  the  gravel  rises 
liigh  and  lies  nearly  parallel  to  the  contour  of  the  hills,  so  that  the 
gravel  is  too  thin  to  be  profitably  worked.  On  the  west  side  of  Fox 
River  valley  there  are  also  high  bluffs,  largely  of  clay,  on  top  of 
which  sand  and  gravel  occur,  but  the  deposits  have  not  yet  been 
worked  because  of  lack  of  transportation  facilities  and  irregularit}^  in 
thickness  of  the  material,  and  because  the  present  demand  is  sup- 
plied from  deposits  more  advantageously  situated. 
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South  of  Elgin  there  are  sand  and  gravel  deposits  worked  on  the 
west  side  of  Fox  River  near  Coleman  and  1  mile  north  of  St.  Charles^ 
and  on  the  east  side  of  the  river  at  Hammond  and  1 J  miles  east  of 
Coleman. 

Near  Coleman,  between  the  Illinois  Central  Railroad  and  Fox  River, 
gravel  deposits  are  worked  by  the  Richardson  Sand  Company.  At 
this  pit  the  working  face  is  15  to  30  feet  thick,  although  the  clay 
which  underlies  the  deposits  has  so  imeven  a  surface  that  the  gravels 
thin  in  places  to  6  or  8  feet.  Overlying  the  sand  and  gravel  is  4  to  5 
feet  of  fine-grained  silt.  The  material  being  worked  yields  about  3 
parts  of  sand  to  1  part  of  gravel.  The  gravel  is  mainly  small  in  size, 
and  the  sand  is  rather  coarse,  mostly  a  torpedo  grade.  The  1-inch  to 
IJ-inch  gravel  appears  to  contain  10  to  15  per  cent  of  crystalline 
material,  and  the  finer  gravel  a  still  higher  percentage.  At  the  base  of 
the  deposit  are  many  rather  large  bowlders  of  dolomite  and  granite, 
2  to  3  feet  in  diameter.  The  sand  and  gravel  instead  of  occurring  in 
separate  strata  as  in  the  region  near  Algonquin,  are  rather  imiformly 
mixed  together,  and  no  ''hardpan' '  or  consolidated  conglomerate  was 
noted. 

East  of  the  river  and  south  of  the  Chicago,  Milwaukee  and  St.  Paul 
Railway  at  Hammond  is  the  pit  and  plant  of  the  Chicago  Gravel  Com- 
pany. The  sand-gravel  deposit  lies  upon  a  clay  floor  that  is  slightly 
uneven.  The  deposit  reaches  a  total  thickness  of  27  feet  in  places 
and  the  stripping  averages  about  2  feet.  A  few  bowlders  2  to  3  feet 
in  diameter  occur  at  the  base,  but  in  the  bank  the  gravel  is  unusually 
imiform  in  size,  rarely  running  into  large  cobblestones.  The  sand  is 
a  good  sharp  torpedo,  not  very  fine.  It  contains  a  small  proportion 
of  lime,  reported  to  be  about  2  per  cent.  The  proportion  of  sand  to 
gravel  in  the  bank  is  said  to  average  about  55  to  45.  No  conglom- 
erate nor  ''hardpan''  was  noted,  but  lenses  of  clay  were  found  to  occur 
in  the  bank.  One  of  these  noted  at  the  time  of  visit  was  6  feet  thick 
in  a  bank  22  feet  in  length.  Most  of  this  clay,  fine-grained  and  silt- 
like material,  can  be  kept  out  of  the  product  by  a  skillfully  manipulated 
steam  shovel,  although  some  of  it  is  certain  to  be  loaded  with  the  sand 
and  gravel  and  it  can  not  be  eliminated  entirely  in  the  washing. 

One  mile  north  of  St.  Charles,  on  the  west  side  of  Fox  River,  is  the 
pit  of  the  American  Sand  and  Gravel  Company.  The  deposits  here 
reach  a  thickness  of  35  feet.  Below  the  sand  and  gravel  water  is  en- 
coimtered  in  quicksand,  before  the  imderlying  clay  is  reached.  The 
base  of  the  deposit  is  therefore  low,  not  far  above  the  level  of  Fox 
River  and  of  the  creek  to  the  south  of  the  pit.  Gravel  and  sand  in 
about  equal  parts  appear  to  constitute  the  bulk  of  the  material.  The 
gravel  ranges  from  small  to  coarse  sizes,  and  some  cobblestones  go  to 
the  crusher  in  nearly  every  yard  of  material  excavated. 

47076— Bull.  340—08 26 


402         CONTBIBUTIONS   TO  ECONOMIC  GEOLOGY,  1907,  PABT  I. 

Notes  on  the  gravel  pits  along  Fox  River  would  not  be  complete 
without  mention  of  two  points  just  north  of  the  State  line  in  Kenosha 
Coimty,  Wis.  At  Capp  Lake  are  some  abandoned  pits  owned  by  the 
Wisconsin  Central  Railway.  The  deposits  here  are  reported  to  have 
been  thoroughly  prospected,  but  to  have  proved  not  to  be  of  promis- 
ing thickness  nor  cleanness.  Below  2  to  3  feet  of  soil  there  lies  about 
5  feet  of  fairly  good  gravel  in  the  higher  parts  of  the  bank.  Below 
this  there  are  alternate  seams  of  clay  and  quicksand  containing  heavy 
bowlders.  Washing  and  crushing  would  therefore  be  involved  to  too 
•great  an  extent  for  practical  purposes. 

Near  Wilmot,  Wis.,  is  a  pit  the  output  from  which  is  taken  by  the 
American  Sand  and  Gravel  Company.  The  pit  is  a  straight  cut  into 
a  terrace  of  Fox  River  and  shows  the  following  section: 

Section  of  gravel  pit  near  Wilmot  f  Wis. 

Feet. 

1.  Soil 1-2 

2.  Gravel  and  sand.    The  gravel  is  clean  and  contains  about  15  per 

cent   of   crystalline  rock,   the   remainder  being  dolomite. 
About  15  per  cent  of  the  gravel  runs  larger  than  2  inches. . . .     8-14 

3.  Quicksand  and  silt,  very  fine-grained  material  containing  about 

60  per  cent  of  quartz,  the  balance  being  clay  minerals 14-15 

4.  Gravel,  similar  to  the  upper  gravel  bed  (No.  2) 20 

5.  Sand,  fine  grained,  to  quicksand.     In  the  aggregate  this  bed  is 

coarser  than  bed  No.  3,  contains  a  higher  percentage  of  silica 

and  less  clay 15 

6.  Quicksand  and  water. 

The  beds  of  quicksand  inclosed  in  the  gravel  vary  in  thickness  and 
do  not  conform  in  contour  to  the  present  surface  of  the  terrace.  In 
general  they  appear  to  dip  toward  the  northeast  and  to  pinch  out  in 
various  directions  as  if  lens-shaped.  The  material  is  reported  to  be 
composed  of  the  various  grades  in  about  the  following  proportions : 

Proportions  of  sand  and  gravel  in  pit  at  Wilmot,  Wis. 

Per  cent. 
Concrete  sizes,  one-half  inch  to  14  inches,  of  which  about  20  per  cent 

is  crushed  gravel 20 

Roofing  gravel,  one-eighth  inch  to  one-half  inch,  total 20 

Sand,  fine  grained,  with  a  small  proportion  of  torpedo  size.     It  is 
mostly  quartz  and  fairly  free  from  quicksand  and  clay.. 60 

100 

On  the  west  side  of  Desplaines  River  at  Libertyville  is  the  sand 
and  gravel  pit  of  the  Lake  Shore  Sand  Company.  The  deposits  seem 
to  be  mainly  west  of  the  river  in  this  vicinity  and  are  comparatively 
thin.  This  deposit  is  the  thickest  in  the  locality,  and  it  ranges  from 
5  or  6  to  25  feet  in  thickness  above  watei* level.  Test  wells  are  re- 
ported by  the  operators  of  the  pit  to  show  20  feet  of  gravel  below 
water  level.     The  water  level  varies  1  to  2  feet  during  the  year,  and 
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the  cut  is  deeper  or  shallower  accordingly.  A  section  made  at  the 
southeast  end  of  the  cut,  where  material  was  being  obtained  October 
3,1907,  is  as  follows: 

Section  of  sand  and  gravel  bank  at  Libertyville. 

Feet. 

Soil 1-2 

Fine  sand,  loam,  and  a  little  gravel 0-4 

Clay  lens,  saucer-shaped  in  profile 0-1 

Gravel  and  torpedo  sand  in  alternate  beds,  1}  to  2  feet  thick,  rross^ 

bedding  common.    The  gravel  is  mostly  smaller  than  4  inches. 

The  proportion  of  sand  to  gravel  ranges  from  2  to  1  to  1  to  1,  but 

wiU  average  dose  to  1.5  to  1 16-20 

Gravel,  sand,  and  water  (reported  20  feet  to  clay). 

The  usual  sizes  of  sand  and  gravel  are  produced  here  and  an  ad- 
ditional product  worthy  of  note  is  the  unwashed  run-of-bank  sand 
and  gravel,  including  all  material  smaller  than  IJ  inches  that  is 
used  in  road  making.  It  is  stated  that  the  loam  present  exerts  a 
cementing  action  that  makes  the  material  of  value  as  a  bond  when 
laid  in  alternate  layers  with  crushed  stone  in  macadamizing  roads. 
Unsuccessful  efforts  have  been  made  to  pump  the  sand  and  gravel  that 
lie  below  water  level,  the  result  being  that  the  pumps  were  soon 
choked  by  the  gravel.  It  is  proposed  to  attempt  at  some  future  time 
the  dredging  of  these  deposits.  It  would  seem  worth  while  to  utilize 
these  submerged  materials,  as  the  visible  supply  of  gravel  above 
water  level  is  diminishing  rapidly  in  this  locaUty. 

Farther  down  the  Desplaines  Valley  deposits  of  sand,  gravel,  and 
bowlders  are  scattered  at  irregular  intervals  and  many  of  these  are 
worked  from  time  to  time  in  a  small  way  for  local  purposes.  One 
such  deposit  is  about  a  mile  north  of  Willow  Springs.  The  main 
deposits,  those  that  are  at  present  affording  material  sufficient  for 
the  operation  of  crushing  plants,  are  at  and  below  Joliet.  Hickory 
and  Spring  creeks  have  built  up  deposits  of  gravel  in  their  valleys  and 
in  the  Desplaines  Valley  near  the  junction  of  the  two  creeks. 

On  East  Washington  street,  Joliet,  the  Chicago  Gravel  Company 
operates  a  pit  and  crusher.  The  deposit  varies  greatly  from  place  to 
place. 

The  gravel  and  sand  are  cross-bedded  in  places.  The  clay  con- 
tent of  the  gravel  averages  about  20  per  cent.  The  gravel  consists 
mostly  of  dolomite,  with  a  few  crystalline  pebbles.  In  places  the 
material  is  hardened  by  calcareous  cement  to  a  conglomerate.  The 
sand  is  fine  to  coarse  grained  and  of  dark  color.  It  contains  com- 
paratively a  high  percentage  of  limestone  and  dolomite  grains  and 
of  clay,  with  relatively  a  low  proportion  of  siUca. 

The  clay  seams  thin  out  to  the  north  and  the  south.  Characteris- 
tics of  the  bank  on  the  east  side  of  the  pit  are  that  no  beds  of  fine  sand 
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appear  in  the  section  and  that  the  gravels  are  more  even  bedded 
than  elsewhere  in  the  pit. 

Another  plant  of  the  Chicago  Gravel  Company  is  on  the  east  side 
of  the  valley  about  1^  miles  above  Millsdale,  adjacent  to  the  Santa 
Fe  and  Chicago  and  Alton  railways.  The  deposit  worked  here  is  in 
the  form  of  a  terrace  or  bar  in  the  Desplaines  Valley  and  consists  of 
material  ranging  from  sand  and  loam  to  bowlders  2  feet  in  diameter. 
The  bottom  of  the  cut  is  in  gravel,  but  reaches  ground-water  level, 
which  is  practically  at  the  level  of  the  water  in  the  river  and  fluctu- 
ates with  it.  The  deposit  is  about  10  feet  thick  on  one  side  of 
the  cut  and  20  feet  thick  on  the  other.  The  gravel  and  bowlders 
are  composed  principally  of  hard  dolomite,  but  about  5  per  cent  of 
crystalline  material  is  present.  The  loam  and  sand  are  highly  cal- 
careous. The  sand  and  gravel  deposits  in  this  vicinity  and  south- 
ward to  the  mouth  of  the  Dupage  are  extensive,  and  thus  far  have 
been  only  very  slightly  utilized. 

Certain  important  deposits  of  sand  and  gravel  which,  although  at 
considerable  distance  from  Chicago,  are  so  directly  connected  by  rail- 
roads with  the  city  that  they  are  worked  to  advantage  should  be 
mentioned  in  these  notes.  Such  localities  are  in  southeastern  Wis- 
consin, at  Fontana,  Janesville,  and  Beloit. 

At  Fontana,  at  the  west  end  of  Lake  Geneva,  the  Lake  Geneva 
Gravel  and  Sand  Company  is  exploiting  a  thick  gravel  bank.  The 
deposit  is  part  of  the  Darien  moraine  of  the  Delavan  lobe  of  the  Lake 
Michigan  glacier,  according  to  Alden.^  The  maximum  thickness  of 
the  cut  is  about  90  feet.  Two  or  three  feet  of  soil  is  stripped  from 
the  top  by  means  of  scrapers.  A  general  section  shown  by  the  cut 
is  as  follows: 

General  section  of  gravel  pit  at  Fontana,  Wis. 

Feet. 

Soil  with  a  few  large  bowlders  at  base 2— i 

Clayey,  loamy,  fine  sand,  of  brownish  color,  containing  a  little 

gravel 6-7 

Coarse,  cobblestone  gravel 20 

Sand,  thin  ledge 1-3 

Gravel,  rather  coarse,  with  some  sand,  mainly  concealed  by  talus 
to  bottom  of  cut 30-60 

The  gravel  runs  unusually  large,  as  compared  with  the  Fox  River 
and  Rock  River  deposits.  In  the  larger  gravel  there  is  a  fairly  large 
proportion,  perhaps  15  per  cent,  of  cr^^stalline  rocks,  many  of  which 
are  dark  colored.  The  remainder  of  the  gravel  is  mostly  dolomite  and 
limestone,  largely  of  Niagara  age.  The  proportion  of  gravel  to  sand 
is  reported  by  the  operators  of  the  pit  to  run  about  3  to  2,  and  in 
places  a  still  higher  proportion  of  gravel  is  found.  At  the  west  end  of 
the  pit  there  is  considerable  firmly  cemented  conglomerate. 

o  Aldon,  W.  C,  The  Delavan  lobe  of  the  Lake  Michigan  glacier:  Prof.  Paper  U.  S.  Geol.  Survey 
1^0.  34,  1905,  Pis.  IV ,  V ,  and  X. 
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There  are  apparently  similar  deposits  still  undeveloped  in  many  of 
the  hills  at  the  west  end  of  Lake  Geneva,  although  none  are  so  easily 
accessible  as  the  bank  just  described. 

Near  Janesville,  Wis.,  the  outwash  deposits  of  Rock  River  valley 
and  tributary  valleys  are  worked  for  sand  and  gravel.  On  South 
Main  street,  about  1  mile  southeast  of  the  middle  of  Janesville,  a  sand 
and  gravel  bank  is  exploited  for  the  manufacture  of  sand-lime  brick, 
cement  shingles,  and  concrete  blocks  and  posts.  The  face  of  the 
bank  is  about  25  feet  in  height.  The  upper  8  to  10  feet  carries  sand 
and  gravel  in  the  proportion  of  about  5  to  3,  but  below  this  the  ratio 
increases  to  about  10  to  1.  The  gravel  is  small,  few  of  the  pebbles 
exceeding  3  or  4  inches  in  diameter.  The  material  is  very  clean,  and 
the  sand  is  rather  fine  and  composed  almost  entirely  of  quartz. 

On  the  line  of  the  Chicago,  Milwaukee  and  St.  Paul  Railway,  about 
2J  miles  east  of  Janesville,  is  a  sand  and  gravel  bank  worked  by  the 
Knickerbocker  Ice  Company.  The  face  of  the  bank  is  50  to  70  feet 
in  height.  The  material  consists  of  small,  clean  gravel  and  clean 
quartz  sand,  much  of  which  is  of  rather  fine  grain.  The  upper  half 
of  the  bank  is  reported  to  carry  sand  and  gravel  in  about  equal  quan- 
tities, but  in  the  lower  part  sand  predominates  in  the  ratio  of  about 
5  to  2.  The  sand  occurs  in  beds  of  fine  to  torpedo  size  and  in  beds 
with  gravel ;  and  at  the  bottom  is  a  sand  bed  probably  25  feet  thick, 
only  12  feet  of  which  is  utilized,  as  the  material  is  a  little  too  fine  for 
torpedo  size.  The  normal  stripping  is  2  to  4  feet,  but  in  ravines  that 
cut  down  into  the  deposit  it  will  run  as  thick  as  10  feet.  The  gravel 
rarely  runs  larger  than  3  or  4  inches  and  yields  concrete  gravel  con- 
taining 50  per  cent  or  more  of  crushed  rock.  The  product  goes 
mainly  to  Chicago  markets. 

About  1  mile  south  of  Beloit,  Wis.,  in  Winnebago  County,  111., 
is  situated  the  sand  and  gravel  bank  of  the  Attwood-Davis  Com- 
pany. This  bank  is  on  the  east  side  of  the  Chicago  and  North- 
western Railway  main  line  and  is  in  the  Rock  River  valley.  The 
cut  extends  about  one-third  of  a  mile  from  north  to  south  and  is 
about  35  feet  in  height.  The  gravel  is  overlain  by  IJ  to  2  feet  of 
black  soil  at  the  north,  but  to  the  south  and  east  there  is  a  bed  of 
fine  sand,  6  to  12  feet  thick  between  the  gravel  and  the  top  soil. 
This  bed  of  sand  forms  a  low  ridge  and  also  fills  a  shallow  depression 
in  the  surface  of  the  deposit.  It  is  troublesome,  as  the  sand  is  too 
fine  for  torpedo  size  and  does  not  contain  suflBcient  clay,  except  in 
small  pockets,  to  make  a  molding  sand.  Below  this,  gravel  and 
gravelly  sand  alternate  in  layers  2  to  3  feet  thick.  The  gravel  ranges 
in  size  from  small  to  mediiun,  4-inch  pebbles  being  about  the  largest. 
About  15  per  cent  of  foreign  crystalline  material  is  present  in  the 
gravel.  The  cut  is  worked  to  the  level  of  the  underflow  in  the  valley, 
but  sand  and  gravel  are  reported  to  extend  at  least  50  feet  farther 
down,  as  determined  by  a  well  point.     The  average  ruxvol\3Ki<^\i^si^^ 
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as  reported  by  the  superintendent  of  the  pit,  is  about  3  parts  of  sand 
to  2  of  gravel.  About  40  per  cent  of  the  concrete  sizes  produced 
consist  of  crushed  gravel. 

Besides  the  sand  and  gravel  pits  here  noted,  there  are  many  small 
pits  scattered  here  and  there  in  the  suburbs  of  Chicago  worked  by 
pick  and  shovel,  with  wagon  haulage,  to  supply  local  needs.  Many 
of  these  pits  are  in  the  extinct  beaches  of  Lake  Michigan,  several 
miles  from  the  present  shore  line.  The  location  of  these  old  beaches 
is  shown  in  the  areal  geology  maps  of  the  Chicago  geologic  folio. 

GENERAL  METHODS  OF  PREPARATION  OF  SAND  AND  GRAVEL. 

The  preparation  of  cleaned  sand  and  gravel  begins  with  its  ex- 
cavation from  pit  or  bank,  and  involves  moving  from  pit  to  mill, 
screening  to  separate  the  sand  and  smaller  gravel,  crushing  to  reduce 
the  small  bowlders  and  gravel  larger  than  1 J  or  2  inches  in  diameter, 
and  washing  to  free  the  material  of  silt,  clay,  organic  matter,  and 
resultant  discoloration.  The  method  of  handling  the  material  de- 
pends somewhat  on  local  conditions. 

On  reaching  the  crushing  plant  the  gravel  is  screened  under  a 
stream  of  water.  A  set  of  screens  usually  comprises  screens  having 
some  or  all  of  the  following  sizes  of  perforations:  2-inch,  IJ-inch, 
1-inch,  }-inch,  f-inch,  and  J-inch.  They  are  of  both  rotating  and 
stationary  types. 

After  the  gravel  and  sand  have  been  sorted  by  screening,  crush- 
ing, and  washing,  into  the  required  sizes,  the  material  is  stored  in 
bins  which  are  readily  emptied  through  spouts  by  gravity  into  cars 
on  a  convenient  siding.  By  discharging  two  or  more  bins  at  once 
into  the  same  car,  and  by  regulating  the  rate  of  flow  of  sand  and 
differently  sized  gravel,  a  mixture  containing  these  materials  in 
almost  any  desired  proportion  can  be  obtained,  as,  for  instance,  a 
mixture  that  will  be  suitable  for  concrete  on  the  addition  of  the 
required  quantity  of  Portland  cement.  During  the  winter  months, 
when  freezing  interferes  with  washing  operations,  dry  screens  are  used, 
when  needed,  at  several  plants  in  the  district. 

At  the  majority  of  plants  in  the  district  materials  are  separated 
into  sizes  about  as  follows:  Torpedo  sand  (grains  that  pass  J-inch 
sieve),  roofing  gravel  (passing  i-inch  but  not  J-inch),  and  concrete 
gravel  (passing  l^-inch  but  not  i-inch).  There  is  some  variation 
from  these  sizes,  of  course,  and  larger  sizes  than  1  J-inch  are  produced. 
The  proportion  of  gravel  of  concrete  size,  which  is  sharp  and  angu- 
lar as  a  result  of  crushing,  depends  on  the  coarseness  of  the  deposit. 
Where  the  percentage  of  gravel  in  the  bank  is  high  and  a  large  pro- 
portion of  it  is  more  than  li  inches  in  diameter,  the  proportion  of 
crushed  stone  in  the  product  is  of  course  relatively  high,  and  has  ' 
been  known  to  reach  60  per  cent. 


CONCRETE    MATERIALS   IN    CHICAGO   D'STRICT.  407 

An  interesting  use  to  which  the  coarser  gravel  is  put  is  as  a  flux 
in  iron  melting  at  Carpentersville,  111.,  and  this  is  possible  because 
of  the  large  percentage  of  dolomite  pebbles  in  the  gravel. 

An  important  factor  in  the  sand  and  gravel  business  is  an  ade- 
quate supply  of  water.  Some  plants  are  situated  so  close  to  Fox 
or  Desplaines  River  that  they  may  obtain  water  by  pumping  directly 
from  the  stream.  Others  reach  an  imderflow  at  the  base  of  the 
pit,  or  the  base  of  the  pit  may  be  determined  hy  water-saturated 
sand  and  gravel,  and  in  such  places  an  abundance  of  water  may  be 
obtained  by  driving  pipes  a  few  feet  into  the  water-bearing  gravel 
and  pumping  therefrom.  Less  advantageously  situated  with  re- 
spect to  water  supply  are  those  banks  that  are  remote  from  a  stream 
or  high  on  the  valley  rims,  but  usually  in  this  well-watered  country 
sufficient  water  may  be  caught  in  reservoirs  so  constructed  as  to  re- 
ceive the  run-off  from  some  gully  or  wet- weather  stream,  or  such  a 
reservoir  may  be  partly  supplied  by  pumping  or  by  utilizing  the  flow 
of  a  small  spring.  Where  conservation  of  water  is  necessary,  settling 
basins  must  be  constructed,  and  space  must  be  provided  for  them. 
Water  thus  used  over  and  over  again  can  be  kept  fairly  clean,  but  is 
hardly  as  desirable  as  a  copious  supply  obtained  from  wells  or  from 
a  clear,  flowing  stream  such  as  Fox  River. 

AVAILABLE    SAND   AND   GRAVEL. 

In  the  foregoing  portion  of  the  text  suggestions  have  been  given  as 
to  possible  extensions  of  workings  along  Fox  and  Desplaines  rivers. 
In  review  it  may  be  said  that  in  the  valley  of  Fox  River,  from  the 
southern  part  of  Kenosha  County,  Wis.,  to  Geneva,  111.,  and  perhaps 
farther  south,  there  are  many  unworked  deposits  of  sand  and  gravel. 
A  large  part  of  the  moraines  and  outwash  deposits  left  by  the  melting 
of  the  glaciers  in  southeastern  Wisconsin  is  made  up  of  sand  and 
gravel.  The  character  of  these  extensive  deposits  has  been  discussed 
in  detail  by  William  C.  Alden.®  Their  distribution  is  shown  on  the 
maps  accompanying  his  report.  There  are  vast  amounts  of  sand  and 
gravel  yet  to  be  utilized  in  the  tracts  indicated.  These  deposits,  es- 
pecially the  moraines,  vary  greatly  in  character,  however,  from  point 
to  point,  and  much  of  the  material  is  not  now  readily  accessible  for 
transportation.  In  the  Desplaines  Valley  the  best  deposits  are  found 
between  Joliet  and  the  mouth  of  Desplaines  River.  Proved  but  un- 
developed deposits  occur  in  the  areas  shown  on  the  map  forming  fig.  24 
(p.  384),  but  owing  to  its  necessarily  small  scale  it  has  been  impossible 
to  show  locations  in  the  desired  detail.  On  account  of  the  irregularities 
in  deposition  which  are  common  to  glacial  material,  more  particularly 
to  morainal  deposits  than  to  outwash  gravels,  although  somewhat 
characteristic  of  the  latter,  it  is  essential  that  thorough  prospecting  be 

a  The  Delavan  lobo  of  the  Lake  Michigan  glacier:  Prof.  Paper  U.  8.  Oeol.  Survey  No.  34,  1906. 
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done  before  arrangements  are  begun  to  work  a  pit  or  bank  on  a  large 
scale.  A  common  method  of  prospecting  a  tract  is  to  sink  a  number 
of  test  wells  3  to  5  feet  in  diameter  and  as  deep  as  desired  in  order  to 
determine  the  thickness  of  cover,  proportion  of  gravel  to  sand,  size  and 
character  of  gravel,  whether  or  not  any  clay  or  "  hardpan ''  is  present, 
whether  or  not  the  materials  are  mixed  or  stratified,  at  what  depth 
water  is  encountered,  total  thickness  of  deposit,  and  all  such  factors  as 
have  a  bearing  on  the  economical  development  of  the  deposit.  In 
many  places  such  test  wells  have  to  be  curbed  by  planks  to  prevent  the 
loose  wall  material  from  caving  in,  and  often  it  is  impossible  to  re- 
move the  planks  from  the  well,  so  strong  is  the  compression  exerted  by 
the  deposit. 

lake;  shore  deposits. 

available  material. 

Fine-grained  sand  occurs  in  inexhaustible  quantity  on  the  present 
beach  of  Lake  Michigan,  and  in  places  there  is  more  or  less  coarse  sand 
and  gravel  mixed  with  it.  As  a  source  of  supply  for  concrete  material, 
however,  these  deposits  are  not  now  of  great  importance,  for  the  follow- 
ing reasons:  The  sand  is  mostly  of  finer  grain  than  torpedo  sand, 
which  is  most  desirable;  the  material  requires  special  methods  for  the 
separation  of  sand  and  gravel;  the  deposits  are  constantly  shifting 
with  shore  currents  j  and  the  occupancy  of  the  lake  front  by  docks, 
railroads,  parks,  boulevards,  and  private  grounds  has  made  much  of 
the  beach  unavailable  or  too  valuable  to  be  exploited  for  sand  and 
gravel. 

At  the  south  end  of  the  lake,  in  Indiana,  sand  dimes  have  furnished 
much  of  the  filling  used  in  track  elevation,  and  this  area,  together 
with  a  few  others  temi)orarily  worked  south  and  north  of  Chicago,  is 
still  furnishing  supplies  of  sand  for  local  use,  chiefly  for  lime  mortars 
and  plaster. 

METHOD   OF   OBTAINING    AND    PREPARATION. 

At  Waukegan  sand  and  gravel  are  obtained  in  a  unique  manner 
from  the  beach  deposit.  The  Waukegan  Sand  and  Gravel  Company 
was  operating  in  August,  1907,  a  sand  pump  or  '^sand  sucker''  in  a 
shallow  lagoon  between  the  Ludington  Salt  Company's  docks  and  a 
spit  occupied  by  the  Elgin,  Joliet  and  Eastern  Railroad.  The  outfit 
consists  of  a  centrifugal  pump  having  a  6-inch  intake  and  a  7-inch 
outlet  j)ipe.  The  pump  is  driven  by  a  20-horsepower  engine,  and 
the  whole  apparatus  is  floated  on  a  covered  barge.  Water,  sand,  and 
gravel  as  large  as  SJ-inch  are  together  pumj)ed  from  the  bottom  of 
the  lagoon,  and  are  discharged  through  a  pipe  of  variable  length  into 
screens  and  thence  into  cars.     It  is  i)ossible  to  pump  material  from  as 
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great  a  depth  as  20  feet,  and  to  carry  the  delivery  pipe  to  cars  at  least 
600  feet  distant,  provided  a  slight  fall  is  given  the  pipe.  Gravel  larger 
than  3J-inch  is  excluded  by  a  screen  over  the  mouth  of  the  intake. 
Occasionally  the  gravel  tfiat  passes  into  the  pump  clogs  it  and  makes 
trouble.  It  is  reported  that  the  capacity  of  such  a  plant  is  about  10 
to  36  yards  per  day  of  ten  hours. 

The  character  of  the  deposits  worked  near  Waukegan  varies  from 
place  to  place  and  also  from  season  to  season.  Some  deposits  have 
been  found  to  yield  only  2  to  4  per  cent  of  gravel,  whereas  others  have 
yielded  33J  per  cent.  The  material  being  raised  at  Waukegan  was 
clean  and  of  good  quality.  The  gravel  was  composed  principally  of 
dolomite,  granite,  dark  crystalline  pebbles,  quartz,  and  chert.  This 
material  is  used  locally  for  the  most  part,  although  it  is  occasionally 
bought  by  Chicago  dealers  when  an  extra-clean  gravel  is  required. 

TESTS  OF  MATERIAIiS. 

In  a  separate  bulletin  which  is  in  preparation  describing  in  greater 
detail  the  sources  and  character  of  the  concrete  materials  produced  in 
the  Chicago  district,  it  is  expected  to  publish  the  results  of  official 
tests  made  on  these  materials  at  the  structural-materials  laboratories' 
of  the  Survey  at  St.  Louis. 

In  the  Office  of  the  city  engineer  of  Chicago  there  is  available  an  in- 
structive set  of  results  of  tests,  mostly  of  the  Niagara  limestone,  made 
by  the  testing  division  of  the  bureau  of  engineering  of  that  city. 
These  tests  were  made  on  a  uniform  basis,  and  afford  valuable  data 
(a)  for  comparison  of  the  various  samples  of  rock  with  each  other;  (&) 
for  comparison  of  broken  stone  taken  from. the  spoil  bank  of  the  sani- 
tary and  ship  canal  with  freshly  quarried  material;  (c)  for  compari- 
son of  gravel  concrete  with  concrete  containing  crushed  stone;  and 
(d)  for  general  information  as  to  the  strength  and  wearing  power  of 
the  limestone. 

The  sampling  and  testing  of  the  materials  were  carried  on  under  the 
immediate  supervision  of  P.  C.  McArdle,  city  engineer  of  tests.  Sam- 
ples were  taken  from  31  localities,  14  of  which  were  along  the  spoil 
bank  of  the  sanitary  and  ship  canal  between  Willow  Springs  and 
Lockport,  and  the  remainder  were  from  the  various  quarries  deliver- 
ing crushed  stone  and  gravel  to  the  Chicago  market. 

An  analysis  of  the  results  of  these  tests  shows  that  the  average  com- 
pressive strength  on  6-inch  concrete  cubes  of  three  spoil-bank  samples 
of  limestone  is  66,444  pounds  (1,846  pounds  per  square  inch),  whereas 
the  average  strength  of  the  17  quarry  samples  of  limestone  is  64,684 
pounds  (1,763  pounds  per  square  inch).  In  the  compressive  test  on 
limestone  blocks  1  inch  by  1  inch  by  IJ  inches  the  average  strength 
with  14  spoil-bank  samples  is  11,834  pounds;  that  with  the  17  quarry 
samples  is  12,397  pounds.     Similarly,  in  abrasion  tests,  the  average 
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loss  of  weight  in  14  spoil-bank  samples  is  21  per  cent;  in  the  17 
quarry  samples,  19.57  per  cent. 

Tests  were  also  made  on  two  cubes  of  crushed-gravel  concrete,  in 
one  of  which  the  gravel  was  of  large  size  and  in  the  other  of  small 
size.  The  results  with  the  large  gravel  concrete  were  among  the 
highest  of  all  the  tests  made;  the  other  cube  showed  a  good  average 
result. 

The  opinion  of  the  city  engineer  of  tests,  based  on  these  results 
and  on  several  years  of  field  experience  in  canal  construction  work, 
is  that  the  rock  taken  from  the  spoil  bank  is  in  general  as  good  as  that 
taken  from  any  of  the  quarries  of  the  district.  Rotten  stone,  however, 
may  be  found  in  almost  any  quany,  as  well  as  in  the  spoil  bank,  and 
this  is  particularly  true  of  the  quarries  in  the  Lemont  district  atid  of 
the  spoil  bank  along  sections  12  and  13,  but  this  rotten  stone  can  be 
readily  detected  by  the  observer. 

lilTERATURE  AND  MAPS. 

There  is  a  long  list  of  papers  dealing  with  subjects  mainly  of  purely 
scientific  interest  iji  connection  with  this  area,  but  few  of  them  have 
practical  value  in  relation  to  the  subject  of  concrete  materials.  In 
the  following  papers  will  be  f oiTnd  useful  data  regarding  the  character 
and  distribution  of  the  limestone,  sand,  and  gravel  in  the  vicinity 
of  Chicago: 

Alden,  William  C.    Description  of  the  Chicago  district:  Geologic  Atlas  U.  S  ,  folio 

81,  U.  S.  Geol.  Survey,  1902. 
The  Delavan  lobe  of  the  I^ake  Michigan  glacier:  Prof.  Paper  U.  S.  (jeol.  Survey 

No.  34,  1905. 
Leverett,  Frank.    The  water  resources  of  Illinois:  Seventeenth  Ann.  Rept.  U.  S. 

Geol.  Survey,  pt.  2,  1896,  pp.  695-849. 
The  Pleistocene  features  and  deposits  of  the  Chicago  area:  Bull.  Chicago  Acad. 

Sci.  No.  2,  Geol.  and  Nat.  Hist.  Survey,  1897. 
The  Illinois  glacial  lobe:  Mou.  U.  S.  Geol.  Survey,  vol.  38,  1899. 


The  available  United  States  Geological  Survey  topographic  maps 
of  portions  of  northeastern  Illinois  and  southeastern  Wisconsin 
include  the  following  quadrangles,  the  first  four  of  which  compose 
the  area  described  in  the  Chicago  folio:  Chicago,  Riverside,  Calumet, 
Desplaines,  Wheaton,  Joliet,  Wilmington,  Morris,  Highwood,  Wauke- 
gan,  Racine,  Silver  Lake,  Lake  Geneva,  Delavan,  Shopiere,  and 
Janesville. 


PORTLAND  CEMENT  MATERIALS  NEAR  EL  PASO,  TEX. 


By  G.  B.  Richardson. 


INTRODUCTION. 

The  considerable  cost  of  Portland  cement  at  El  Paso,  Tex.,  owing  to 
its  distance  from  the  nearest  plant,  and  the  fact  that  this  rapidly 
growing  city  is  the  commercial  center  of  a  large  area,  cause  the  local 
presence  of  the  raw  materials  for  making  cement  to  be  a  matter  of 
importance.  The  object  of  this  paper  is  to  call  attention  to  large 
deposits  of  lime  and  clay  materials   in  the  vicinity  of  El  Paso. 

GENERAL  GEOIiOGY. 

The  geology  of  the  El  Paso  region  has  already  been  outlined  by 
the  writer «  and  for  the  present  purpose  the  following  sketch  will 
suffice.  The  city  of  El  Paso  is  situated  in  the  Rio  Grande  valley,  at 
the  mouth  of  a  narrow  gap  which  the  river  has  cut  through  highlands 
in  passing  from  the  Mesilla  valley  to  the  Hueco  Bolson.  The  Frank- 
lin Mountains  lie  east  of  the  gap  and  the  Cerro  de  Muleros  west  of  it. 
The  Franklin  Mountains  are  composed  of  sedimentary  and  igneous 
rocks  which  range  in  age  from  Cambrian  to  Cretaceous.  The  strata 
dip  steeply  westward  and  the  mountains  as  a  whole  have  the  general 
characteristics  of  a  Basin  Range  block,  but  they  differ  from  the  type 
by  being  complexly  faulted  internally.  The  Cerro  de  Muleros  is  a 
laccolithic  mountain  with  a  porphyry  core  flanked  by  Cretaceous  sedi- 
ments. This  mountain  also  has  been  much  faulted,  especially  con- 
tiguous to  the  pass  through  which  the  Rio  Grande  flows.  The  bolson 
deposits  consist  of  gravel,  sand,  and  clay,  and  similar  materials  also 
compose  the  flood  plain  of  the  river.  Limestones  are  abundantly 
developed  in  the  Franklin  Mountains  and  both  limestone  and  shale 
are  present  in  the  Cerro  de  Muleros  and  in  outlying  hills  between  the 
two  mountains. 


oRidiarcUon,  G.  B.,  Reconnaissance  in  Trans-Pecos  Texas:    Bull.  No.  9,  Univ.  Texas  Mineral 
Sarvey,  1904. 
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CliAY  MATERIAIiS. 

The  clay  materials  can  be  classed  as  bolson  clay,  flood-plain  clay, 
and  shale.  The  bolson  clays  are  extremely  irregular  in  their  occur- 
rence. They  are  locally  exposed  in  the  terraces  above  the  river  and 
numerous  lenses  of  clay  have  been  found  in  the  wells  which  have 
been  sunk  in  the  Hueco  Bolson.  As  yet  none  of  these  deposits  hiive 
been  developed. 

Flood-plain  clay  occurs  in  several  localities  in  the  Rio  Grande  val- 
ley near  El  Paso.  The  material,  derived  from  rocks  that  outorop 
higher  up  in  the  drainage  area  of  the  river,  has  been  brought  down 
in  suspension  by  the  stream  and  deposited  on  the  flood  plain.  In 
this  manner  deposits  of  clay  intercalated  with  sand  and  gravel  have 
accumulated,  the  mode  of  origin  causing  the  deposits  to  be  of  irreg- 
ular extent  and  composition.  The  beds  range  in  thickness  from  a 
few  inches  to  many  feet,  and  in  character  from  a  rather  pure  clay  to 
one  containing  large  admixtures  of  sand.  More  or  less  organic  mat- 
ter also  is  usually  present.  The  analysis  of  clay  from  Whites  Spur, 
about  10  miles  north  of  El  Paso  (p.  413),  shows  the  composition  of 
what  is  perhaps  a  typical  sample  of  flood-plain  clay.  This  clay  is 
manufactured  into  common  wire-cut  brick  at  several  plants  in  the 
valley — at  Vinton  and  Whites  Spur,  above  El  Paso,  and  at  others 
below  the  city.  The  product  is  of  a  fairly  good  grade,  and  several 
million  bricks  from  this  source  are  made  yearly.  Adobe  bricks, 
made  of  sun-dried  flood-plain  clays,  are  manufactured  extensively 
by  the  Mexican  inhabitants  of  the  Rio  Grande  valley  and  are  used 
in  the  construction  of  their  picturesque  buildings. 

The  deposits  of  shale  are  more  important  for  cement  making  than 
the  flood-plain  clays  because  of  their  uniform  texture  and  general  free- 
dom from  coarse  particles.-  The  shale  is  a  blue-gray  clay  shale  of 
Lower  Cretaceous  age  and  occurs  interbedded  with  sandstone  and 
limestone  on  the  flanks  of  the  Cerro  dc  Muleros.  It  is  well  exposed  in 
the  pass  along  the  west  bank  of  the  Rio  Grande  and  also  occurs 
in  small  areas  east  of  the  river.  The  composition  of  four  samples  of 
this  shale  is  shown  by  the  accompanying  analyses.  The  figures  indi- 
cate a  considerable  variation,  silica  ranging  from  49.08  to  75.15  per 
cent,  alumina  from  10.90  to  20.71  per  cent,  and  lime  from  0.66  to 
13.56  per  cent.  The  analyses  show  that  the  shale  is  weU  adapted 
for  making  cement,  with  the  exception  of.No.  3,  which  contains  too 
much  silica  and  relatively  too  much  aluminum  and  iron  for  an  ideal 
Portland  cement  clay.  Because  of  the  variability  in  composition  indi- 
cated by  the  analyses,  more  tests  are  desira])le  to  determine  the  extent 
of  the  different  grades. 
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Analyses  of  shale ^  clay^  and  limestone  from  the  vicinity  of  El  Paso, 


[FiMlon  of  air-dried  material.    Analyst,  P.  H.  Bates,  U.  S.  Geological  Survey  fuels  and  structural 

materials  testing  laboratory.] 

1                 ,                 '       - 
I         1.                 2.        1        3. 
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13.56            4.88 
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.22              .28 
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.10 
1.04 
2.19 
2.30 
1.10 
5.74 

1.01 
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.00 
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.11 

Water  at  100^ 

1.59            2.63              .58 

.16 

COi                    

Ignition  loss 

i4.37            9.25            5.48 

8.91 

41.74 

100.30           99.97 

99.93 

99.82 

99.97 

100.09 

1.  Shale  one-fourth  mile  south  of  Courchesno  quarry. 

2.  Shale  one-fourth  mile  north  of  Courchesne  quarry. 

3.  Shale  from  El  Paso  Brick  Company's  property. 

4.  Shale  from  £1  Paso  Brick  Company's  property. 

5.  Flood-plain  clay  from  Whites  Spur,  10  miles  above  El  Paso. 

6.  Limestone  from  Courchesne  quarry. 

Bricks  of  excellent  quality  are  made  from  this  shale,  three  grades 
being  manufactured — pressed  brick,  common  wire-cut  brick,  and  fire 
brick.  Many  thousands  of  the  first  two  grades  are  made  daily,  but 
at  the  present  time  only  small  quantities  of  fire  brick  are  manufac- 
tured, their  chief  use  being  in  the  brick  kilns.  An  analysis  of  fire  clay 
is  given  under  No.  3  in  the  table.  It  shows  a  small  content  of  fluxing 
impurities,  although  the  high  percentage  of  silica,  75.16  per  cent, 
indicates  only  moderate  refractoriness. 

lilMIflSTONE. 

The  limestones  of  the  El  Paso  region  aggregate  more  than  5,000 
feet  in  thickness  and  are  separable  into  five  formations,  based  on  their 
ages,  as  follows:  Lower  Ordovician,  Upper  Ordovician,  Silurian,  Car- 
boniferous, and  Cretaceous.  Without  fossil  evidence  the  different 
limestones  can  not  always  be  recognized,  although  each  has  physical 
properties  peculiar  to  itself.  They  are  all  massive  and  are  in  the 
main  gray  in  color,  but  some  are  whitish  and  others  are  almost  black. 
Some  are  more  crystalline  than  others  and  they  contain  variable 
amounts  of  chert.  A  characteristic  difference  is  their  content  of 
magnesia,  as  shown  by  the  following  analyses: 

Lime  and  magnesia  in  limestones  from  the  vicinity  of  El  Paso. 


CaO.. 
Mgo. 


Lower 
Ordovi- 
cian. 


32.12 
16.00 


Upper 
Ordovi- 
cian. 


30.82 
18.01 


Silurian. 


Carbonif-i   Creta- 
erous.    '    ceous. 


28.77 
18.56 


53.52 
.58 


52.36 
1.01 


414         CONTBIBUTIONS   TO  ECONOMIC   GEOLOGY,  1907,  PABT   J. 

The  three  older  formations  contain  abundant  magnesia,  in  quanti- 
ties to  constitute  the  rocks  almost  a  true  dolonlite,  but  the  magnesia 
content  of  the  younger  limestones  is  very  small.  On  account  of  the 
high  magnesia  in  the  older  limestones  they  are  unfit  for  cement  mak- 
ing, but  those  of  Carboniferous  and  Cretaceous  age  are  well  adapted 
for  this  purpose. 

The  distribution  of  these  limestones  in  general  is  distinct.  The 
older  formations  outcrop  along  the  crest  and  form  the  ''backbone  "  of 
the  Franklin  Mountains.  The  Carboniferous  limestone  lies  along  the 
northwestern  slope  of  this  range  and  is  particularly  well  developed 
adjacent  to  the  Texas-New  Mexico  boundary  line.  The  Cretaceous 
limestone  outcrops  along  the  flanks  of  the  Cerro  de  Muleros  and  occurs 
also  in  the  gorge  above  El  Paso  on  both  sides  of  the  river.  The 
greater  accessibility  of  the  Cretaceous  limestone  and  its  occturencc 
near  the  shale  make  it  probable  that  this  will  be  first  used,  in  prefer- 
ence to  that  of  Carboniferous  age. 

Both  the  magnesian  and'  nonmagnesian  limestones  are  bnmed  for 
lime  in  the  vicinity  of  El  Paso.  For  this  purpose  the  Ordovician 
limestones  are  quarried  at  the  south  end  of  the  Franklin  Range  and 
the  Cretaceous  limestone  at  the  pass  above  the  city.  Large  quanti- 
ties of  the  Cretaceous  limestone  are  also  quarried  and  crushed  for  use 
as  furnace  flux  by  the  smelter  in  the  valley  4  miles  above  El  Paso. 
The  rock  is  also  extensively  used  for  foundations  and  for  road-making 
macadam. 
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CLAYS  IN  THE  KOOTENAI  FORMATION  NEAR  BELT, 

MONT. 


By  Cassius  A.  Fisheb. 


INTRODUCTIOK. 

Clays  of  different  varieties  are  more  or  less  abundant  throughout 
the  Kootenai  formation  in  the  vicinity  of  Belt,  Mont.,  and  along 
Otter  Creek,  where  this  product  has  been  prospected  and  mined  to 
some  extent.  Clay  deposits  of  commercial  value  are  found  in  this 
formation  at  many  different  places  throughout  the  Great  Falls  region, 
but  at  no  other  locality,  so  far  as  they  have  yet  been  observed,  are 
they  of  as  good  quality,  apparently,  as  those  near  Belt.  These  clays 
are  locally  known  as  *' flint*'  and  "plastic''  clays.  The  former  term, 
however,  is  not  here  used  in  a  strictly  technical  sense,  being  applied 
to  a  light-tan-colored,  highly  siUceous  rock,  unlike  the  typical  fUnt 
clays  of  Pennsylvania.  The  latter  term  is  used  to  designate  a  fine- 
grained slate-colored  plastic  clay  of  good  quality.  The  so-called 
flint  clay  was  formerly  used  to  some  extent  in  the  manufacture  of 
brick,  and  the  plastic  clay  is  now  shipped  to  Anaconda,  Mont.,  where 
it  is  burned  into  refractory  products  used  in  the  large  smelters  at  that 
place.  With  the  completion  of  the  new  Billings  and  Northern  Rail- 
road, which  passes  near  some  of  the  best  deposits,  an  excellent  oppor- 
tunity will  be  afforded  for  renewed  activity  and  increased  develop- 
ment of  the  clay  resources  of  this  district. 

liOCATION  AND  EXTENT. 

The  area  in  which  the  best  clays  have  been  observed  is  situated 
in  the  eastern  part  of  Cascade  County,  which  is  located  near  the  center 
of  Montana.  It  comprises  about  145  square  miles,  including  in  its 
eastern  part  the  plains  region  lying  between  the  Little  Belt  and  High- 
wood  mountains  and  in  its  western  part  Belt  Creek  valley  and  a 
small  portion  of  the  adjoining  plains.  (See  PI.  V.)  Belt,  a  small 
coal-mining  town,  and  Armington  are  located  in  the  extreme  north- 
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west  comer  of  the  area.  The  Billings  and  Northern  Railroad  extends 
diagonally  apross  it,  and  the  Neihart  branch  of  the  Great  Northern 
Railway  leaves  the  above-mentioned  road  at  Armington  and  extends 
up  Belt  Creek  to  the  town  of  Neihart. 

GEOIiOGIC   OCCURRENCE   OF  CL.AY. 

The  rocks  that  outcrop  in  the  district  here  described  range  from 
Carboniferous  to  Cretaceous  in  age.  They  comprise  the  Quadrant, 
Ellis,  Morrison,  and  Kootenai  formations,  and  a  portion  of  the  Col- 
orado shale.  Over  a  great  part  of  the  area,  however,  the  Kootenai 
formation  occupies  the  surface,  and  in  this  formation  at  several 
different  horizons  clay  and  shale  deposits  of  commercial  value  are 
found.  The  Kootenai  formation  has  a  thickness  of  about  450  feet, 
and  consists  mainly  of  sandstones,  sandy  shales,  and  clays  occurring 
in  alternate  succession.  In  the  lower  part  sandstones  predominate 
and  are  massive  in  character,  but  higher  in  the  formation  the  pro- 
portion of  sandstone  decreases  and  the  beds  consist  largely  of  red 
shales  and  clays,  with  here  and  there  a  thin  layer  of  sandstone  or  a 
bed  of  limestone.  The  formation  rests  with  apparent  conformity  upon 
the  variegated  sandy  shales  and  sandstones  of  the  Morrison,  and  is 
overlain  by  the  somber-colored  sandstones  and  shales  of  the  Colorado. 
A  generalized  section  of  the  Kootenai  formation  of  this  district  is 
given  below : 

Generalized  section  of  the.  Kootenai  formation  {Lower  Cretaceous)  in  the  vicinity  of  Belt, 

Mont. 

Colorado  formation  (Upper  Cretaceous).  Feet. 

Shale,  red,  sandy,  and  clay,  with  few  thin  sandstone  layers. . .  195 

Shale,  red,  sandy,  capped  by  sandstone 20 

Limestone 5 

Shale,  red,  sandy,  capped  by  sandstone 20 

Shale,  red,  sandy  at  top 30 

Clay  and  shale,  the  former  light  tan  color  and  the  latter  red, 
sandy,  with  an  occasional  thin  sandstone  layer  (clay  for- 
merly mined) 50 

Shale,  red,  containing  lenses  of  impure  limestone  capped  by 

gray  limc^stone 30 

Sandstone  and  blue  clay  in  alternating  layers G 

Sandstone,  gray,  compact 1 

Clay,   sLite   colored,    line  grained,   homogeneous;   mined   at 

])resent 4i 

Sandstone,  gray,  ma^ssive 20 

Clay,  bluish,  sandy 6 

Coal 4  J 

Sandstone  and  sandy  shale ^ 60 

Morrison  formation  (Jurassic).  

452 
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The  foregoing  section  is  compiled  from  a  number  of  detailed 
measurements  made  in  various  parts  of  the  field,  and  as  individual 
beds  vary  materially  from  place  to  place,  it  can  not  be  regarded  as 
typical  of  any  one  locality.  It  is  introduced  here  mainly  to  show 
the  succession  of  the  beds  in  the  Kootenai  formation  and  the  rela- 
tive position  of  the  clays  here  described,  also  their  relation  to  the 
Kootenai  coal.  The  red  shales  in  the  upper  part  of  the  section  are 
in  many  places  associated  with  clays  which  are  good  brickmaking 
material. 

STRUCTURE. 

The  rocks  in  this  region  lie  nearly  horizontal,  dipping  at  small 
angles  (3°  or  4°)  to  the  northeast,  away  from  the  Little  Belt  Moun- 
tains and  toward  the  plains.  Although  they  are  nearly  horizontal, 
a  close  examination  of  the  beds  along  the  sides  of  the  canyons  shows 
that  they  are  in  reality  gently  folded  into  a  series  of  low  anticlines 
and  shallow  synclines,  most  of  which  are  not  perceptible  to  the  casual 
observer.  No  large  faults  occur  within  this  district,  but  minor 
faults  are  not  uncommon,  especially  in  the  vicinity  of  Belt.  The 
throw  of  these  faults  is  slight,  ranging  from  5  to  15  feet,  and  their 
presence  is  therefore  difficult  to  detect  on  the  surface.  They  are 
usually  first  encountered  by  miners  working  the  coal  beds,  and 
some  of  them  have  presented  considerable  difficulty  to  coal-mining 
operations.  In  Armington  Coulee,  about  half  a  mile  above  the  mouth, 
a  short  distance  east  of  the  Anaconda  Copper  Mining  Company's 
clay  pit  now  being  worked,  there  is  a  sharp  fold  in  the  rocks  which 
may  possibly  be  more  or  less  fractured  along  the  axis  of  the  fold  that 
here  trends  northward  toward  Belt  Butte.  Exposures  at  this  place 
were  inadequate  for  determination  on  this  point,  but  it  is  a  struc- 
tural condition  which  should  be  seriously  considered  in  any  exten- 
sive development  of  the  clay  deposits  of  Armington  Coulee. 

DETAIIiED  DESCRIPTIONS  OF  CliAYS. 

ARMINGTON  COULEE. 

On  the  north  side  of  Armington  Coulee,  a  small  tributary  of  Belt 
Creek  entering  from  the  east  just  above  the  town  of  Armington, 
there  is  a  clay  mine  owned  by  the  Anaconda  Copper  Mining  Company, 
of  Anaconda,  Mont.  The  clay  deposit  worked  at  this  mine  has  a 
thickness  of  4  feet  6  inches  and  occurs  about  90  feet  above  the  base 
of  the  Kootenai  formation  and  26  feet  above  the  Kootenai  coal  hori- 
zon. The  massive  gray  sandstone  which  overlies  the  coal  in  this 
general  region  has  a  variable  thickness,  ranging  from  about  20  to 
80  feet,  and  in  Armington  Coulee  its  thickness  is  near  the  minimum. 
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A  section  at  the  Anaconda  Copper  Mining  Company^s  mine,  showing 
the  position  of  the  clay  with  respect  to  the  coal,  is  given  below: 

Section  at  Anaconda  Copper  Mining  Company*8  clay  mine,  Armington,  Mont. 

Feet. 
Sandstone  and  slate-colored  clay  occurring  in  alternating  layers...     6 

Sandstone,  gray,  compact 1 

Clayy  light  gray  to  slate  colored,  fine  grained,  homogeneous;  de- 
posit worked 4i 

Sandstone,  gray,  massive,  weathering  tan 20 

Clay,  slate  colored,  sandy 6 

Coal 4i 
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The  clay  at  this  mine  is  light  gray  to  slate  colored,  fine  grained, 
and  uniform  in  texture.  It  has  a  greasy  feel  and  a  subconchoidal 
fracture,  and  in  places  indistinct  laminations  can  be  seen.  Although 
the  material  contains  all  the  minerals  ordinarily  found  in  clay  of 
this  character,  the  only  one  which  could  be  detected  with  the  naked 
eye  or  a  hand  lens  is  pyrite,  in  crystals  most  of  which  are  cubical 
in  shape,  although  pyritohedral  forms  are  also  present.  Through- 
out the  thickness  of  the  deposit  the  clay  is  homogeneous  in  char- 
acter and  notably  free  from  sandy  lenses.  The  workings  extend 
back  more  than  150  feet  from  the  mouth  of  the  entry  and  in  this 
distance  the  clay  maintains  a  uniform  thickness.  Samples  of  this 
clay  were  shipped  to  St.  Louis,  where  ultimate  analysis  was  made 
in  the  structural-materials  laboratory  of  the  United  States  Geological 
Survey.     The  result  of  this  analysis  is  given  below: 

Analysis  of  clay  worked  by  Anaconda  Copper  Mining  Company  at  Amiingtony   Mont, 

Silica 55. 38 

Alumina 30.  86 

Ferrous  oxide 86 

Lime 40 

Magnesia 1. 03 

Sulphuric  anhydride 16 

Ferric  sulphide 2.  23 

.„    ,.       (Na^O 26 

^^^^^^^^Mk/3 1.04 

Water  at  100°  (' 84 

Ignitii  >if  loss 6.  86 

99.92 

The  analysis  shows  that  this  clay  has  an  average  percentage 
of  silica,  not  high  enough  to  cause  it  to  be  sandy,  and  that  alumina, 
the  refractory  ingredient,  is  moderately  high,  so  that  the  clay 
compares  favorably  in  this  respect  \nth  plastic  clays  of  Woodbury, 
N.  J.,  and  St.  Louis,  Mo.  Its  fluxing  constituents,  hme,  magnesia, 
and  the  alkalies,  and  also  the  iron  are  low. 
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In  addition  to  the  above  analysis  the  writer  obtained  from  the 
reduction  works  of  the  company  at  Anaconda  an  analysis  of  an 
average  sample  of  this  clay  as  utilized,  which  is  here  given: 

Average  analysis  of  fire  clay  from  Armingtonj  Mont. 

Silica 53.70 

Alumina 27.20 

Ferric  oxide 5. 00 

Lime '. Trace. 

Magnesia Trace. 

AlkaUee 2.90 

Sulphuric  anhydride 30 

Ignition  loss. 10. 86 

The  mine  has  been  in  operation  at  this  place  for  about  two  years. 
The  main  entry  extends  more  than  150  feet  back  from  the  outcrop, 
with  side  entries  in  either  direction.  The  clay  is  mined  out  by 
hand  at  the  bottom  of  the  bed  and  then  blasted  down  from  above. 
It  is  hauled  in  wagons  to  the  station  and  shipped  to  Anaconda, 
where  it  is  manufactured  into  refractory  products  for  utilization  in 
the  smelters  at  that  place.  The  output  of  the  mine  at  present  is 
not  large,  and  only  a  few  men  are  employed. 

About  45  feet  above  this  clay  bed  stratigraphically  there  is  a 
light-tan  to  yellowish  sandy  clay  or  impure  sandstone  which  was 
formerly  mined  on  the  south  side  of  the  coulee  for  the  manufacture 
of  brick.  The  material  is  hard,  gritty  to  the  touch,  and  breaks 
with  an  irregular  fracture.  Although  in  general  it  is  Ught  yellow 
in  color,  there  ate  bands  of  Umonite  running  through  it,  and  along 
all  joint  planes  a  thin  film  of  Umonite  occurs.  Ruins  of  the  aban- 
doned brick  plant  can  be  seen  on  the  south  side  of  Armington  Coulee, 
neariy  opposite  the  Anaconda  Copper  Mining  Company's  mine. 
Clay  for  this  plant  was  obtained  from  the  bluflfs  near  by,  also  about 
one-fourth  mile  farther  up  the  coulee,  on  the  east  side  of  the  Belt- 
Lewistown  stage  road. 

An  analysis  made  several  years  ago  has  been  furnished  by  the 
Anaconda  Copper  Mining  Company,  and  is  given  below: 

Analysis  of  clay  formerly  mined  in  Armington  Coulee. 

Silica 77. 6 

Ferric  oxide 2. 3 

Alumina 12. 2 

Lime 2 

The  location  of  this  abandoned  clay  mine  in  Armington  Coulee  is 
shown  on  the  map  (PI.  V.) 
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WILLIAMS  CREEK. 

On  either  side  of  Williams  Creek  near  Spion  Kop  there  is  a  workable 
clay  bed  in  the  Kootenai  formation,  a  short  distance  above  the  coal. 
The  deposits  have  been  prospected  at  a  number  of  places  on  Lewis 
Larson's  ranch,  which  is  located  near  the  mouth  of  the  creek.  The 
clay  at  this  place  is  believed  to  occur  at  about  the  same  horizon  as 
that  found  in  Armington  Coulee,  but  an  exact  correlation  with  that 
deposit  can  not  be  made,  owing  to  the  fact  that  the  clay  and  shale, 
also  the  sandstone  members,  of  the  Kootenai  formation  are  very 
lenticular  and  individual  beds  thicken  or  thin  within  a  very  short 
distance.  Sections  of  the  clay  on  both  sides  of  Williams  Creek, 
measured  by  A.  J.  Hazlewood,  are  given  below: 

Section  of  clay  deposit  on  north  side  of  Williams  Creek,  near  Spion  Kop,  Mont, 

Ft.  in. 
Sandstone,  gray,  impure,  soft 3 

Clay,  gray,  very  sandy  at  base 3    8 

Clay,  light  gray  to  slate  colored,  somewhat  sandy,  hard 5    6 

Beds  concealed. 

Section  of  clay  deposit  on  south  side  of  Williams  Creek,  near  Spion  Kop,  Mont. 

Ft.  in. 

Clay,  light  gray : 4 

Sandstone,  gray,  soft 2    6 

Clay,  light  bluish  gray 5 

Beds  concealed. 

It  was  impossible  to  obtain  a  continuous  section  of  the  beds  be- 
tween the  clay  and  the  coal  at  this  place,  but  it  is  reasonably  certain 
that  the  stratigraphic  interval  between  the  two  deposits  does  not 
exceed  40  feet.  The  massive  gray  sandstone  overlying  the  coal  is 
present  here,  but  it  is  not  a  conspicuous  feature  and  exposures  were 
not  sufficiently  good  for  an  exact  measurement  of  its  thickness.  In  a 
railroad  cut  on  the  north  side  of  Williams  Creek  near  the  wagon  road, 
a  bed  of  gray  clay  about  6  feet  thick  was  observed.  The  material 
appears  to  be  of  an  inferior  quality  and  occurs  in  a  bed  of  variable 
thickness.  It  is  underlain  by  a  sandstone  believed  to  be  the  one 
immediately  overlying  the  coal.  The  correlation  of  this  clay  with  the 
workable  beds  described  in  the  foregoing  sections  is  not  certain,  but 
it  is  probably  at  about  the  same  geologic  horizon. 

About  half  a  mile  southwest  of  the  locality  just  described,  on  the 
north  side  of  Otter  Creek,  another  railroad  cut  exposes  a  deposit  of 
slate-colored  clay  about  8  feet  thick,  which  contains  a  1^-foot  layer  of 
red  clay  near  the  middle  and  calcareous  concretionary  bands  near  the 
base  and  in  the  upper  part.  The  workable  clay  in  this  bed  thickens 
and  thins  within  short  distances,  so  that  the  deposits  can  not  be 
regarded  as  of  commercial  importance.  This  lack  of  persistence  in 
character  and  thickness  in  the  clay  (deposits  of  this  region  makes 
correlation  of  individual  beds  often  uncertain. 
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OTHER    FAVORABLE   LOCALITIES. 

Although  the  clay  at  the  horizon  of  the  bed  worked  at  the  Ana- 
conda Copper  Mining  Company^s  mine  has  been  prospected  at  only  a 
few  places  in  this  general  region,  clay-bearing  sediments  of  this  part 
of  the  Kootenai  formation  are  exposed  in  the  bluflfs  bordering  Otter 
and  Belt  creeks  and  their  tributaries.  The  accompanying  map 
(PI.  V)  shows  the  approximate  position  along  these  streams  of 
the  clay  worked  at  Armington.  Clays  of  equal  commercial  impor- 
tance may  possibly  be  found  at  different  horizons  a  short  distance 
above  or  below  the  one  described,  or  in  fact  throughout  a  zone  160 
feet  thick  overlying  the  coal.  It  is  probable  that  the  clay  at  Arming- 
ton  is  not  a  persistent  deposit,  but  that  it  dovetails  in  with  deposits 
above  and  below  of  similar  chairacter  and  equal  value.  The  fact 
that  the  zone  in  which  the  above  clays  are  found  occupies  a  position 
in  the  bluffs  about  100  to  200  feet  above  the  valley  along  both  Otter 
and  Belt'creeks,  where  lines  of  transportation  have  already  been  con- 
structed, makes  the  conditions  favorable  for  exploitation. 

CLAYS    OUTSIDE   THE   AREA   DESCRIBED. 

About  one-eighth  mile  west  of  the  Boston  and"  Montana  smelters  at 
Great  Falls  a  sandy  clay  or  argillaceous  sandstone,  mined  by  Coombs 
&  King,  occurs  on  the  north  bluffs  of  Missouri  River.  The  material 
has  a  greenish-gray  color,  is  very  sandy,  and  occurs  in  a  bed  30  feet 
thick  near  the  top  of  the  Kootenai  formation.  It  is  used  for  the 
manufacture  of  ordinary  brick,  also  as  a  lining  for  converters  at  the 
smelters.  The  clay  is  satisfactory  for  these  purposes,  but  it  would 
probably  never  be  mined  so  extensively  were  it  not  for  its  convenient 
location  to  the  smelters  and  the  city  of  Great  Falls.  It  is  mined  con- 
tinuously and  a  considerable  proportion  of  the  deposit  is  utilized. 

There  is  also  a  sandy  clay  of  some  commercial  value  in  the  upper 
half  of  the  Kootenai  formation  at  Fields,  a  railroad  siding  3  J  miles 
east  of  Great  Falls.  A  large  amount  of  this  clay  was  formerly  used 
in  the  Boston  and  Montana  smelters,  probably  before  the  Coombs  & 
King  clay  bed  was  exploited.  This  material  is  at  about  the  same 
horizon  as  that  near  the  smelters,  4  miles  farther  north,  but  exact 
correlation  of  these  beds  can  not  be  made.  The  clay  at  Fields  is  about 
42  feet  thick,  light  gray  to  slate  color  above,  and  reddish  below.  It  is 
very  siliceous  and  in  portions  resembles  a  fine-grained  impure  sand- 
stone. Close  examination  of  a  hand  specimen  shows  a  large  number 
of  minute  pyrite  crystals  and  small  rounded  sand  grains  embedded  in 
the  clay.  In  addition  to  its  use  in  the  Great  Falls  smelters  this  clay 
was  also  manufactured  into  fire  brick  by  the  Hosford  Fire  Brick  Com- 
pany, located  at  Fields,  but  this  enterprise  proved  not  to  be  prac- 
ticable, owing  to  the  high  percentage  of  iron  in  the  clay.  The  deposit 
has  not  been  worked  for  several  years. 
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TRIPOU  DEPOSITS  NEAR  SENECA,  MO. 


By  C.  E.  SiEBENTHAL  and  R.  D.  Mesler. 


INTRODUCTION. 

A  very  light,  porous  variety  of  decomposed  siliceous  rock,  resem- 
bling the  weathered  chert  popularly  known  in  the  region  as  "  cotton 
rock,"  is  rather  extensively  quarried  in  the  vicinity  of  Seneca,  Mo., 
and  marketed  under  the  commercial  name  tripoli  stone.  Production 
began  in  1888  with  the  manufacture  of  scouring  bricks  and  tripoli 
powder  or  flour.  The  product  came  into  competition  with  similar 
articles  made  from  tripoli  (kieselguhr,  kieselmehl,  bergmehl)  and 
tripoli  slates  (kieselschiefer) — infusorial  deposits — and,  though  of 
entirely  different  origin,  resembled  those  articles  so  much  both  in 
appearance  and  use  that  it  was  sold  under  the  same  name. 

LOCATION. 

As  indicated  on  the  sketch  map  (fig.  25),  about  2  square  miles 
of  land  in  the  neighborhood  of  Seneca  and  Racine  is  owned  in  fee 
or  under  lease  by  the  various  companies  interested  in  the  tripoli 
industry.  Tripoli  is  likewise  known  from  the  vicinity  of  Fair- 
land,  Wyandotte,  and  Grove,  Okla.,  and  Neosho,  Mo.  There  are 
doubtless  other  deposits  in  the  territory  between  these  localities, 
as  well  as  elsewhere  over  the  area  underlain  by  the  cherts  and  lime- 
stones of  the  Boone  formation,  though  probably  not  all  are  suit- 
able for  use  as  filters  or  scouring  powder. 

GEOLOGY. 

The  tripoli  deposits  occur  in  the  Boone  formation,  which  in  this 
region  consists  of  a  series  of  alternating  limestones  and  cherts,  with 
an  average  thickness  of  probably  350  feet.  The  only  stratum  which 
can  be  readily  recognized  is  a  bed  of  oolitic  limestone  6  to  9  feet  in 
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thickness,  which  in  the  region  to  the  north  has  been  called  the  Short 
Creek  member  of  the  Boone  formation.  The  deposits  of  tripoli  are 
mostly  found  above  the  horizon  of  this  limestone,  though  some  are 
below  it,  in  particular  those  south  of  Grove. 

Some  of  the  deposits  occur  in  the  steeper  bluffs  of  the  hills,  but  in 
such  locations,  by  reason  of  the  fact  that  tripoli  is  formed  by  weather- 
ing processes,  they  are  not  likely  to  be  of  workable  extent.  Most  of 
the  deposits  now  being  exploited  are  on  the  tops  of  the  hills,  owing  to 
the  greater  economy  of  operation  and  the  greater  likelihood  of  ex- 
tensive deposits  in  such  a  situation.  The  bodies  of  tripoli  range  from 
4  to  12  feet  or  more  in  thickness,  and  are  overlain  by  chert,  gravel, 


Fig.    25. —  Skotch    map   showinjr   location   of   tripoli    deposits   noar    Seneca,    Mo.      1,    '2,   ',), 
Plants  of  American  Tripoli  Company. 

and  red  clay,  such  ns  are  common  to  the  region.  Some  of  the  de- 
posits rest  upon  impure  spotted  or  discolored  tripoli;  in  others  the 
bed  rock  is  a  stratum  of  solid  chert.  In  the  spotted  tripoli  below  the 
regular  quarry  bed  in  the  American  Tripoli  Company's  quarry  in 
Oklahoma,  the  dark  spots  occur  in  a  horizontal  band  and  strongly 
suggest  the  dark  material  that  is  deposited  in  the  pits  of  stylolites. 
In  the  quarries  north  of  Seneca  the  tripoli  is  massive,  with  scarcely 
a  trace  of  stratification,  but  divided  into  irregular  blocks  by  verti- 
cal, horizontal,  and  variously  inclined  and  curved  seams  or  joints. 
Chert  occurs  in  lenses  or  more  commonly  in  "  balls  "  through  the  body 
of  the  tripoli  itself,  locally  in  such  quantity  as  to  force  the  abandon- 
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ment  of  the  quarry.  Chert  is  also  present  in  a  streak  of  varying 
thickness  on  both  sides  of  the  slickensides  which  occur  here  and  there 
in  the  tripoli.  Such  a  cherty  "  slickenside  "  may  form  the  limiting 
wall  of  a  quarry.  In  one  of  the  quarries  there  are  several  pro- 
nounced and  characteristic  slickensides  in  the  north  wall,  each  with 
its  cherty  faces.  These  extend  downward  for  2  or  3  feet  and  then 
die  out,  leaving  no  trace  in  the  tripoli  below.  Another  one,  a  foot 
in  length  from  top  to  bottom,  dies  out  at  both  ends.  It  is  conceiv- 
able, of  course,  though  not  probable,  that  the  slickensiding  beyond 
that  now  evident  was  destroyed  in  the  alteration  to  tripoli.  Other- 
wise the  conditions  here  seem  to  indicate  that  slickensides  require 
very  little  displacement  for  therr  production. 

In  the  quarries  south  of  Racine  the  tripoli  bed  is  itself  massive  and 
shows  no  lamination,  but  is  overlain  by  horizontally  banded  and 
flaggy  rotten  cherts.  Similar  material  occurs  below  the  tripoli  bed 
where  the  underlying  beds  were  seen.  In  an  abandoned  portion  of 
the  quarry  of  the  National  Filter  Company  there  is  a  sink  hole  which 
permits  a  view  of  the  underlying  formation  and  shows  to  some  extent 
how  effective  the  leaching  surface  waters  have  been  in  this  region. 
A  section  here  is  as  follows : 

Section  at  National  Filter  Company's  quarry  near  Racine^  Mo. 


Soil,  waterworn  gravel,  and  waxy  red  clay — 

White  and  red  streaked  shelly  tripoli _ 

White  tripoli — 

Banded  red  and  white  soft  chert 

Red  and  white  rotten  chert... 

Soft  white  rotten  chert  rock  resembling  tripoli. 


Thick- 
ness. 

Depth. 

Feet. 

Feet, 

3 

8 

2 

5 

5 

10 

8 

13 

5 

18 

8 

26 

The  tripoli  at  this  place  is  very  free  from  the  irregular  and  curved 
jointing  which  was  noted  in  the  Seneca  district,  there  being  a  few 
vertical  crevices  bearing  due  northwest  and  one  seam  of  waxy  red 
clay  2  inches  wide  reaching  to  the  bottom  of  the  quarry. 

CHARACTER. 

Tripoli  is  a  light,  even-textured,  minutely  porous  rock,  crumbling 
easily  to  the  touch  in  the  green  state,  but  preserving  its  form  very 
well  when  air  dried.  Owing  to  its  extreme  porosity,  it  is  highly  ab- 
sorbent. This  porosity  is  thought  to  be  due,  as  shown  later,  to  the 
solution  of  the  limy  portion  of  a  calcareous  chert,  the  siliceous  skele- 
ton of  chert  grains  being  left  behind.     According  to  Hovey,*  the 

•  Sol.  Am.  Suppl.,  July  28,  1894,  p.  15487.  There  are  numerous  references  to  the 
occurrence  and  nature  of  the  Seneca  tripoli  deposits  in  various  text-books,  State  repbrts, 
and  the  statistical  annuals,  but  they  are  all  apparently  based  on  the  observations  of  Dr. 
Bovejr,  as  reported  in  the  above  citation, 
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tripoli  grains  "  are  very  minute,  by  far  the  most  of  them  being  not 
over  0.01  mm.  (0.0004  inch)  in  diameter,  though  occasional  grains 
measure  0.03  mm.  across.  These  particles  are  double  refracting  and 
are  probably  chalcedony." 

In  the  quarries  the  more  open  seams  are  filled  with  red  clay,  which 
in  many  places  stains  the  contiguous  rock  to  a  uniform  brownish  or 
reddish  tint.  Here  and  there  occurs  a  beautiful  regular  banding  per- 
fectly independent  of  the  original  bedding  planes,  but  showing  more 
or  less  relation  to  the  jointing  and  resembling  the  banded  iron  stains 
sometimes  observed  in  weathered  sandstone.  The  color  thus  varies 
from  white  to  cream  and  light  red.  No  traces  of  diatoms,  radiolaria, 
or  other  fossils  have  been  observed  in  the  deposits.  They  either  were 
absent  in  the  original  rock  or  have  been  removed  in  the  process  of 
the  alteration  which  produced  the  tripoli. 

The  composition  of  the  tripoli  in  these  deposits  is  shown  in  the 
following  analyses: 

AnaJyscH  o/  tripoli  from  deposits  near  Seneca,  Mo. 


Silica  (SiOa) - '  98.28 

Alumina  (AhOa) -- _ \  .17 

Iron  oxide  (FeO  and  Fe-Oa)- .53 

Lime  (CaO) _ Trace. 

Potash  (K2O)-.- - _- — .17 

8oda(Na20)- - _ _ _ .27 

Ignition - '  .50 

Organic  matter- __ __ ___ 


98.100 
.240 
.270 
.184 


6.10 
.24 

.27 
.33 


.230  I 
1.160 
.008  I 


.23 
1.17 


99.92 


100.192 


1.  By  R.  N.  Braekett.  Rept.  Arkansas  Geol.  Survey  for  1892.  vol.  5,  p.  267. 

2.  By  W.  H.  Seamon.  Scl.  Am.  Siippl..  July  28.  1894.  p.  15487. 

3.  Missouri  Geol.  Survey,  vol.  7, 1894,  p.  731. 


ORIGIN. 

The  commonly  accepted  explanation  of  the  origin  of  the  tripoli 
is  that  it  results  from  the  decomposition  of  chert.  The  analyses 
show  that  it  is  practically  pure  silica.  In  the  quarries  lenses  and 
solid  or  hollow  balls  of  more  or  less  decomposed  chert  are  found, 
and  slickensided  crevices  are  usually  faced  with  solid  undecomposed 
chert.  In  none  of  the  quarries  or  natural  exposures  is  it  possible 
to  trace  the  tripoli  laterally  into  unaltered  rock.  The  massive, 
jointed  character  of  the  rock,  the  absence  of  bedding,  and  the  lack 
of  fossils  would  indicate  that  a  profound  alteration  must  have  taken 
place  if  the  tripoli  is  derived  from  the  ordinary  fossiliferous  cherts 
of  the  region,  which  occur  in  beds  rarely  over  1  or  2  feet  thick. 
"  Cotton  rock,"  the  ordinary  weathered  and  decomposed  surface 
rock,  is  quite  as  fossiliferous  as  the  unaltered  chert  from  which  it 
is  derived,  though  some  of  it  is  almost  as  light  as  tripoli.     If  is 
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difficult  to  see  how  further  weathering  alone  could  completely 
obliterate  the  bedding  and  fossils.  On  the  whole,  it  is  practically 
inconceivable  that  the  usual  chert  of  this  region  could  weather  into 
such  an  even-tinted,  homogeneous  rock  as  the  tripoli  actually  is. 

Locally  there  are  beds  of  massive  white  to  gray  dull-looking 
rock  ranging  up  to  10  or  15  feet  in  thickness.  This  rock  is  fine 
granular  and  unfossiliferous,  and  breaks  with  the  subconchoidal 
fracture  of  a  dense,  fine-grained  limestone.  Immersed  in  acid  it 
effervesces  freely,  but  preserves  its  original  volume  after  treatment, 
showing  it  to  be  a  siliceous  limestone  or  highly  calcareous  chert. 
The  siliceous  residue,  after  being  washed  and  dried,  is  a  porous 
granular  rock  closely  resembling  a  poor  grade  of  tripoli.  It  seems 
most  likely  that  the  tripoli  deposits  were  formed  by  the  leaching 
of  the  lime  from  some  such  bed  as  this.  If  so,  this  would  explain 
the  massive  character  and  the  localization  of  the  tripoli,  as  w^ll 
as  the  absence  of  fossils.  Such  a  rock  would  be  subject  to  the  same 
concretionary  processes  as  other  limestones,  and  chert  lenses  and 
nodules,  once  formed,  would  show  a  much  greater  resistance  to  solu- 
tion or  leaching  than  the  body  of  the  rock,  and  apparently  would 
remain  much  as  they  are  now  found  in  the  tripoli.  The  cherty 
slickensides  likewise  afford  corroboration  of  this  view.  Thus  the 
original  calcareous  chert  adjacent  to  the  slickensides  might  readily 
be  silicified  by  water  entering  along  the  crevice,  and  this  cherty 
seam  would  persist  when  the  body  of  the  rock  was  altered  to  tripoli. 
On  the  other  hand,  if  we  assume  that  the  original  rock  was  chert, 
it  seems  unlikely  that  the  area  which  would  be  entirely  unaffected 
by  the  decomposition  and  weathering  would  lie  along  openings  that 
permitted  free  access  to  the  circulating  water. 

QUARRYIXG. 

In  quarrying  these  deposits,  after  the  mantle  of  2  or  3  feet  or  more 
of  clay,  gravel,  and  residual  chert  is  stripped  from  the  tripoli,  ver- 
tical channels  12  inches  wide  are  cut  to  the  bottom  of  the  deposit,  or 
to  such  depth  as  is  desired.  These  channels  are  easily  made  with  a 
light  pick  of  ordinary  shape.  Where  the  rock  is  much  cut  up  by 
fissures  and  clay  seams,  the  channels  are  cut  along  the  most  promi- 
nent of  these  joints,  to  lose  as  little  as  possible  of  the  dimension  stone. 
Two  such  channels,  several  feet  apart,  are  run  into  the  quarry  face 
as  far  as  it  is  desired  to  loosen  the  stone.  A  2-inch  hole  is  then 
drilled  between  the  ends  of  the  channels,  filled  with  unslacked  lime, 
and  tamped.  By  absorption  of  quarry  sap  the  lime  is  slacked,  swells, 
and  lifts  the  stone,  the  steadily  increasing  pressure  having  a  tend- 
ency to  loosen  up  the  blocks  along  the  already  existing  joints  rather 
tb»n  to  make  new  fractures.    The  shape  and  size  of  the  blocks  thus 

47076— Bull.  340—08 28 
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obtained  depend  on  the  number  and  attitude  of  the  joints.  The 
larger  blocks  of  good  quality  are  sent  directly  to  the  filter  shop. 
Spalls  and  pieces  unsuitable  for  filters  are  sent  to  the  dry  sheds,  to 
be  later  ground  into  tripoli  flour.  When  rock  for  grinding  only  is 
desired,  that  is  to  say,  when  it  is  too  much  jointed  or  for  some  other 
reason  is  unsuitable  for  filter  stones,  powder  is  used  instead  of  lime 
in  raising  the  rock,  as  it  gives  blocks  of  smaller  size  and  saves  some 
hand  breaking  before  crushing. 

Where  the  rock  is  not  so  closely  beset  with  joints  and  fractures, 
narrow  2-inch  cross  channels  are  cut  the  length  of  the  handle  with 
a  narrow-eyed  pick,  the  eye  being  no  wider  than  the  cutting  edge 
of  the  pick.  In  this  way  pieces  of  regular  dimensions  are  obtain^ 
Blocks  2  by  2  by  5  feet  are  as  large  as  are  ordinarily  desired. 

It  seems  that  channeling  machines,  such  as  are  used  in  quarrying 
massive  limestones,  might  be  advantageously  employed  in  those  quar- 
ries where  there  is  not  so  much  jointing.  Special  care  would  need 
to  be  taken  to  keep  the  channel  clear  of  the  muck  formed  of  the  com- 
minuted tripoli. 

MANUFACTURE. 

FILTER  STONES. 

The  rough  blocks  from  the  quarry  are  taken  direct  to  the  mill, 
where  they  are  sawed  up  into  blocks  of  the  proper  dimensions  to  be 
turned  into  filter  stones  of  various  shapes  and  sizes.  In  practice  it 
was  found  that  the  "  set "  of  an  ordinary  circular  saw  soon  wore 
down  to  the  thickness  of  the  body  of  the  saw,  when  it  would  cramp. 
With  a  saw  set  with  diamond  teeth,  the  setting  of  the  diamonds  soon 
wore  loose  under  the  abrasion  of  the  stone.  A  wire  saw  was  likewise 
tried  without  success.  A  special  form  of  saw,  which  is  thoroughly 
satisfactory,  consists  of  a  simple  disk  in  the  margin  of  which,  at  in- 
tervals of  2  or  3  inches,  slots  slightly  narrowing  toward  the  bottom 
are  cut  to  a  depth  of  three-eighths  of  an  inch.  .  A  steel  "  tooth,"  five- 
sixteenths  of  an  inch  in  width,  about  five-eighths  of  an  inch  in  length, 
and  just  thick  enough  to  stick  tightly,  is  driven  in  each  slot.  This 
saw  cuts  the  stone  rapidly  and  does  not  clog  up.  The  teeth  are  oc- 
casionally dislodged,  and  at  intervals  those  missing  have  to  be  sup- 
plied. The  stone  as  sawed  is  usually  so  full  of  sap  that  water  oozes 
out  just  in  front  of  the  saw.  The  sawed  blocks  are  air  dried  before 
the  next  step,  which  in  the  case  of  cylindrical  and  tubular  filter  stones 
is  to  make  them  round.  For  this  purpose  a  vertical  sandpaper  disk 
is  employed.  The  ends  of  the  block  are  squared  to  the  proper  length, 
and  the  block  is  placed  lengthwise  between  two  centers,  which  allow 
it  to  revolve  on  a  vertical  axis  parallel  to  the  face  of  the  disk.  The 
operator  presses  the  corner  edges  successively  against  the  sandpaper, 
revolving  the  block  with  a  motion  opposite  to  that  of  the  disk,  imtil 
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it  is  roughly  cylindrical.  Then  the  block  is  allowed  to  rotate  freely 
on  its  axis,  the  motion^  being  communicated  by  the  disk,  and  the 
diagonal  attrition  rapidly  produces  a  perfect  cylinder.  Filter  stones 
of  special  shapes  are  produced  on  regular  turning  lathes  and  special 
boring  machines.  Defective  blocks  and  trimmings,  as  well  as  lathe 
dust  picked  up  by  the  dust  collector,  go  to  the  tripoli  flour  mill. 

TRIPOLI  FLOUR. 

Spalls  and  small  or  waste  blocks  from  the  quarry,  together  with 
waste  from  the  filter  mill,  after  having  been  thoroughly  dried  for  two 
or  three  weeks,  are  crushed,  ground  on  buhrs,  and  bolted  by  machinery 
of  simple  flouring-mill  type.  Two  grades  are  marketed,  depending 
on  the  degree  of  fineness.  The  grade  O.  G.  (once  ground)  will  pass 
through  a  No.  60  wire  mesh,  and  the  grade  D.  G.  (double  ground) 
passes  through  a  No.  140  mesh  or  a  No.  14  silk  bolting  cloth.  Three 
colors  of  the  flour  are  made — ^"  white,"  "  cream,"  and  "  rose."  These 
colors  are  obtained  by  hand  sorting  the  blocks  in  the  dry  sheds,  those 
blocks  with  the  most  iron  stain  making  the  "rose"  flour,  and  the 
mixed  and  spotted  blocks  making  the  cream  colored.  The  bolted 
product  is  sacked  or  barreled  and  shipped  just  as  ordinary  flour. 

PRODUCTION. 

According  to  published  reports  from  various  sources,  the  produc- 
tion has  increased  from  less  than  200  tons  of  tripoli  flour  in  1888  to 
1,000  tons  in  1893,  1,375  tons  in  1894,  and  4,000  to  5,000  tons  in  recent 
years.  Figures  are  not  available  for  the  tonnage  of  rough  tripoli 
blocks  worked  up  into  filter  stones  in  previous  years,  but  for  1906  it 
was  approximately  600  tons.  The  present  price  of  tripoli  flour  f .  o.  b. 
cars  at  Seneca  is  from  $6  to  $7  per  ton.  It  is  impossible  to  put  a 
unit  price  on  the  finished  filter  stone,  the  price  of  the  individual  pieces 
varying  with  the  size  and  the  amount  of  work  done  on  each.  The 
value  of  the  combined  production  of  tripoli  flour  and  filter  stones 
was,  in  1893,  $25,000;  in  1894,  $35,500;  in  1905,  $50,000;  in  1906, 
approximately  $60,000.  According  to  report,  about  40  per  cent  of 
the  flour  is  exported  to  foreign  countries. 

USES. 

Tripoli  stone  has  a  moderate  sale  for  blotter  blocks  and  scouring 
bricks,  but  the  important  use  is  for  filter  purposes.  The  local  mills 
turn  out  the  filter  stones  in  shapes  and  quantities  to  suit  the  manu- 
facturers of  filters.  The  size  ranges  from  the  ordinary  house  filter 
to  single  filters  with  a  capacity  of  400  gallons  per  hour,  or  batteries 
of  such  filters  with  any  desired  capacity.  For  such  purposes  ocular 
evidence  proves  that  tripoli  stone  will  remove  much  of  the  matter 
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mechanically  suspended.  As  pathogenic  germs  infesting  waters  are 
largely  attached  to  such  suspended  matter,  it  follows  that  they  would 
be  likewise  removed.  Bacteriological  examination  of  water  before 
and  after  its  passage  through  tripoli  filters,  it  is  claimed,  demonstrates 
the  sterilizing  efficiency  of  the  stone. 

Tripoli  flour  is  used  as  an  abrasive,  for  general  polishing,  burnish- 
ing, and  buffing.  It  is  used  also  as  an  ingredient  of  various  scouring 
soaps.  Unsuccessful  attempts  have  been  made  to  mold  filter  stones 
from  tripoli  flour  to  which  a  binder  has  been  added,  but  in  all  experi- 
ments so  far  the  binding  agent  has  fatally  impaired  the  porosity  of 
the  filter. 

Formerly  diatomaceous  earth  (kieselguhr)  was  used  as  the  ab- 
sorbent base  in  the  manufacture  of  dynamite.  In  recent  years  this 
inert  base  has  been  superseded  by  a  compound  of  sodium  nitrate,  wood 
pulp,  marble  dust,  and  various  other  substances,  which  has  the  ad- 
vantage of  entering  into  the  combustion  of  the  explosive.  A  rough 
estimate  of  the  additional  force  thus  gained  places  it  at  5  per  cent 
The  cost  of  diatomaceous  earth  is  from  $25  to  $30  or  more  per  ton, 
depending  on  the  shipping  distance.  Wood  pulp  costs  $30  per  ton, 
or  more,  and  is  constantly  advancing  in  price.  The  price  of  tripoli 
flour,  finely  bolted,  sacked,  and  hauled  to  the  railway,  as  shown  above, 
is  between  $6  and  $7  per  ton.  Merely  ground,  unbolted,  hauled  in 
bulk  from  the  mill,  the  flour  could  be  laid  down  at  the  two  powder 
plants  in  the  vicinity  of  Joplin  for  approximately  half  that  sum. 
It  is  believed  that  tripoli  flour  might  be  substituted  for  the  wood 
pulp,  either  in  whole  or  in  part,  without  materially  impairing  the 
explosive  value  of  the  compound,  at  a  possible  saving  of  $3  or  $4 
per  ton  in  the  cost  of  the  powder.  If  experience  should  show  a  serious 
impairment,  it  is  believed  that  this  could  be  remedied  by  the  ad- 
dition of  more  nitroglycerine  and  that  there  would  still  be  a  notable 
saving.  As  the  Joplin  plants  have  a  combined  daily  production  of 
about  30  tons  of  dynamite,  it  seoms  that  the  point  is  one  worthy  of 
consideration. 

FIRMS  i::n^ga(;i]I)  ix  the  industry. 

The  American  Tripoli  Company  is  the  largest  as  well  as  the  pioneer 
company  in  the  industry,  having  erected  a  grinding  mill  in  1887,  to 
which  was  soon  added  machinery  for  the  manufacture  of  filter  stones. 
This  grinding  mill,  variously  enlarged  and  remodeled,  is  in  use  to- 
day, and  has  a  daily  capacity  of  15  tons  of  tripoli  flour.  It  is 
situated  on  the  highland  just  east  of  the  Missouri-Oklahoma  State 
line,  a  mile  north  of  Seneca,  and  the  quarries  are  near  by  on  each 
side  of  the  line.  In  1905  the  Seneca  Filter  Works,  established  in 
1894,  were  absorbed  by  this  company,  which  thenceforward  carried 
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on  the  filter  business  at  the  new  plant.  In  1907  the  company  built 
in  Seneca,  adjacent  to  the  Frisco  Railroad,  a  new  and  much  larger 
mill,  though  of  the  same  type  as  the  original  mill.  The  new  mill  is 
equipped  with  two  crushers,  five  runs  of  vertical  buhrs,  20  sieve  reels, 
flour  packers,  etc.,  and  has  a  capacity  of  30  tons  per  ten-hour  day, 
power  being  furnished  by  a  150-horsepower  boiler  and  a  100-horse- 
power  engine.  In  this  plant  the  attempt  is  made  by  the  installation 
of  large  dust  collectors  and  by  hidden  journals  to  lessen  as  far  as 
possible  the  friction  and  wear  due  to  flying  tripoli  dust.  It  is 
planned  to  double  the  capacity  of  the  filter  works  and  consolidate 
them  with  the  mill.  The  company  also  owns  80  acres  of  land  with 
tripoli  quarries  in  the  Racine  district  just  south  of  the  National 
Filter  Company's  quarry. 

Filter  works  at  Racine,  Mo.,  have  been  operated  in  connection 
with  the  tripoli  quarries  2  miles  south  of  that  place  for  a  number 
of  years.  The  National  Tripoline  Company  built  a  tripoli  mill  at 
Kirkwood,  Mo.,  in  1904,  to  operate  the  same  quarry,  but  it  was  shut 
down  after  a  few  months.  A  reorganization  under  the  name  Racine 
Tripoli  Company  was  effected  in  1907.  Water  power  was  secured 
just  south  of  Racine  station,  and  it  is  planned  to  start  a  tripoli  flour 
mill  shortly. 

The  Elijah  A.  Brown  Tripoli  Company  during  1907  completed 
a  small  new  mill  3  miles  due  south  of  Racine.  It  is  equipped  with 
a  crusher,  run  of  buhrstones,  sieve  reel,  saw,  sandpaper  disk,  and 
boring  machine.  Though  small  it  is  complete  and  will  turn  out 
both  filter  stones  and  tripoli  flour.  The  company  owns  120  acres  of 
land  on  which  are  good  deposits  of  fine-grained  tripoli. 

The  National  Filter  Company  owns  80  acres  in  the  Racine  tripoli 
district.  It  quarries  out  the  tripoli  stone  in  large  blocks,  2  by  2  by 
4  or  5  feet  in  size,  which  are  shipped  to  the  firm's  manufacturing 
plant  in  Chicago,  111.  Only  the  drying  sheds  and  quarry  machinery 
are  located  at  the  quarries.  Owing  to  the  practical  absence  of  joints 
and  clay  seams,  no  blasting  is  done  at  this  quarry,  the  rock  being 
wholly  quarried  out  with  hand  picks. 

C.  C.  Martin  &  Son  own  a  quarry  in  the  Racine  district,  and  make 
odd  lots  of  filter  stones  to  order  on  an  ordinary  turning  lathe. 

Other  tracts  of  land  near  the  quarries  above  described  are  known 
to  be  underlain  by  tripoli  stone  of  good  quality,  but  the  quarries  men- 
tioned comprise  all  that  are  now  in  operation. 
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PHOSPHATES. 

PHOSPHATE  DEPOSITS  IN  THE  WESTERN  UNITED  STATES. 


By  F.  B.  Weeks. 


INTRODUCTION. 

The  field  work  on  the  western  phosphate  deposits  in  1907  occu- 
pied about  six  weeks  in  August  and  September.  It  has  been  con- 
sidered advisable  that  a  brief  statement  of  progress  be  prepared  for 
publication,  to  be  followed  later  by  a  detailed  report  to  be  published 
as  a  separate  bulletin.  The  present  report  will,  therefore,  be  limited 
to  a  general  description  of  the  field  developments  in  1907  and  the 
various  conditions  which  affect  the  industry.* 

THE   PHOSPHATE   SERIES. 

GENERAL   CHARACTERISTICS. 

The  phosphate-bearing  series  ranges  from  60  to  over  100  feet  in 
thickness.  The  main  phosphate  bed,  which  is  the  one  of  commercial 
importance  under  present  conditions,  usually  occurs  at  the  base  of 
the  series  and  is  from  5  to  6  feet  thick.  It  is  almost  entirely  oolitic  in 
structure,  the  small,  black,  well-rounded  grains  being  readily  dis- 
tinguishable in  the  hand  specimen.  There  is  very  little  matrix  ma- 
terial, and  it  effervesces  slightly  with  hydrochloric  acid.  The  lower 
part  of  the  bed  is  hard  and  blocky ;  its  upper  part  is  softer  and  more 
shaly.  The  material  has  a  bituminous  odor  which  in  early  days  was 
taken  to  indicate  the  presence  of  oil  or  coal,  and  considerable  pros- 
pecting was  done  to  find  these  materials.  This  bed  averages  high 
in  its  content  of  P2O5  and  the  whole  bed  is  mined  and  shipped. 

Above  the  main  phosphate  bed  there  are  alternating  layers  of 
phosphate,  limestone,  and  shale.  Some  of  the  phosphatic  beds,  a 
few  inches  thick,  show  a  high  percentage  of  P2O5,  but  they  can  not 

•  For  a  preliminary  paper  on  these  deposits,  including  considerable  general  Information 
in  regard  to  them,  see  Bull.  U.  S.  Geol.  Survey  No.  315,  1907,  pp.  449-462. 
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be  mined  separately,  and  at  present  there  is  no  practicable  method 
of  separating  the  valuable  material  from  the  waste.  In  the  upper 
and  middle  portions  of  the  series  there  are  also  large  lime  nodules 
associated  with  shaly  material.  The  upper  part  of  the  phosphate 
series  is  shaly  in  structure  and  contains  a  much  larger  proportion  of 
impurities. 

The  general  character  of  the  series  is  very  persistent,  and,  as  a  rule, 
the  rocks  are  easily  recognized  where  exposed.  A  prominent  excep- 
tion occurs  at  the  Hot  Springs  locality,  in  Idaho,  on  the  eastern  side 
and  near  the  north  end  of  Bear  Lake.  Here  a  considerable  part  of 
I  he  lower  portion  of  the  series  has  become  so  completely  silicified 
and  the  beds  have  been  so  displaced  by  faulting  that  it  is  difficult  to 
recognize  their  original  character. 

GEOGRAPHICAL  DISTRIBUTION. 

The  phosphate  series  has  been  found  in  nearly  every  mountain 
range  from  central  Utah  to  eastern-central  Idaho  and  in  western 
Wyoming.  The  beds  are  in  many  localities  tilted  at  high  angles,  and 
the  area  of  outcrop  is  then  correspondingly  small.  Where  the  dip  is 
low  the  series  usually  forms  a  considerable  portion  of  a  mountain 
slope  and  is  covered  by  soil. 

UTAH. 

A  few  miles  northeast  of  Thistle  Junction,  Utah  County,  Utah,  a 
bed  of  phosphate  12  to  18  inches  thick  has  been  found.  In  the  vicin- 
ity of  ^lidway,  on  the  east  side  of  the  Wasatch  Range,  and  in  one 
of  the  canyons  east  of  Salt  Lake  City,  a  bed  of  about  the  same  thick- 
ness and  character  occurs.  These  beds  are  not  commercially  valua- 
ble. The  phosphate  scries,  having  a  thickness  of  60  to  90  feet,  is 
exposed  in  Weber  Canyon,  and  the  side  gulches  from  1 J  to  3  miles 
west  of  Devils  Slide  station,  on  the  Union  Pacific  Railroad.  From 
this  point  northward  the  beds  become  of  economic  importance,  their 
present  value  depending  on  their  accessibility.  The  next  kno\yii 
locality  toward  the  north  is  about  10  miles  west  of  AA^oodrutf.  The 
series  is  extensively  exposed  on  the  western  slopes  of  the  Cra\vford 
Mountains,  along  the  Utah-AVyoming  boundary.  During  the  last 
year  a  new^  discovery  has  been  reported  in  the  high  ridge  east  of 
Bear  Lake  about  10  miles  northeast  of  Laketown. 

WYOMING. 

The  northern  extension  of  the  phosphate  beds  exposed  in  the  Craw- 
ford Mountains  has  been  found  in  the  low  isolated  hills  3  miles  west 
of  Sage,  AV'yo.  The  series  also  occurs  several  miles  northeast  of  this 
railroad  station  along  the  slopes  of  Rock  Creek.  Two  miles  east  of 
Cokeville  the  beds  are  exposed  on  the  north  side  of  Smith  Fork  and 
they  follow  the  trend  of  the  Sublette  Range  northward  for  a  distance 
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of  25  miles.    To  the  north  the  extension  of  the  same  belt  lies  on  both 
sides  of  the  Salt  River  valley. 

IDAHO. 

In  Idaho  the  most  southerly  outcrop  of  the  phosphate  beds  occurs 
near  the  Hot  Springs,  on  the  eastern  side  of  Bear  Lake  near  its  north 
end.  The  beds  are  extensively  exposed  in  the  Preuss  Range  east  of 
Montpelier,  and  follow  the  trend  of  this  range  northward  until  they 
pass  beneath  the  lavas  of  the  Snake  River  plain.  Reports  have  been 
received  that  the  beds  occur  on  the  western  slope  of  the  Bear  River 
Range  in  the  vicinity  of  Paris. 

GEOLOGIC  OCCURRENCE. 

The  general  character  and  sequence  of  the  Paleozoic  sedimentary 
strata  of  this  region  are  given  in  the  following  section : 

Section  of  Paleozoic  strata  in  southeastern  Idaho,  southwestern  Wyoming,  and 

northeastern  Utah. 
Carboniferous : 

Mostly  light-colored  limestones;  phosphate  beds  near  base. 

Series  of  red,  white,  and  green  quartzites  and  sandstones. 

Massive  blue  and  gray  limestones. 
Devonian : 

Limestone,  where  present. 
Silurian : 

Thin-bedded  limestone,  where  present. 
Ordovician : 

White  and  green  quartzites. 

Light-colored,  generally  thick-bedded  limestone. 
Cambrian : 

Thin-bedded  blue  and  gray  limestone. 

Quartzites,  mainly  white  in  some  areas,  purple  in  others. 

The  phosphate  series,  as  shown  in  the  above  section,  occurs  in  the 
lower  part  of  the  upper  division  of  the  Carboniferous  strata.  The 
underlying  sandstones  and  quartzites  are  usually  exposed  and  the 
phosphate  series  lies  approximately  200  to  400  feet  above  it.  The 
lithologic  character  of  the  series  renders  it  very  susceptible  to  erosion 
and  its  outcrop  is  usually  concealed  by  soil  or  slide  material.  A  care- 
ful study  of  the  overlying  and  underlying  strata  and  the  occurrence 
of  phosphate  float  will  generally  indicate  the  position  of  the  phos- 
phate beds. 

DT:VEL.0PMENTS  in  1907. 

At  the  time  the  previous  report  was  prepared,  about  the  close  of 
the  year  1906,  an  average  of  2  carloads  of  phosphate  per  day  was 
shipped  from  Montpelier,  Idaho,  by  the  San  Francisco  Chemical 
Company.  It  was  found  that  the  margin  of  profit  after  paying  the 
freight  charges  was  too  small  to  warrant  the  continuation  of  opera- 
tions and   the  work  was   discontinued.     The  period  of  shipments 
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extended  from  September,  190G,  to  March,  1907.  It  is  doubtful  if 
there  is  another  locality  where  mining  and  transportation  can  be 
carried  on  at  leas  cost  than  at  Montpelier.  The  result  indicates 
that  the  successful  exploitation  of  the  phosphate  deposits  depends 
in  large  measure  on  the  cost  of  transportation  from  the  field  to  the 
consumer.  The  operations  of  the  Bradley  Brothers  near  Sage  and 
of  the  Union  Phosphate  Company  near  Cokeville,  Wyo.,  corroborate 
the  above  statement. 

Development  during  the  summer  of  1907  was  for  the  most  part 
limited  to  the  annual  assessment  work.  In  the  greater  number  of 
localities  this  consisted  of  digging  shallow  trenches  to  expose  the 
phosphate  series  where  covered.  Considerable  work  was  done  in  the 
Crawford  Mountains  for  the  purpose  of  securing  a  patent  to  the 
ground.  In  the  Preuss  Range  ia  Idaho  the  phosphate  field  was 
shown  to  extend  northward  to  Blackfoot  River. 

CONDITIONS  AFFECTING  THE  INDUSTRY. 

In  considering  the  question  of  the  commercial  value  of  the  western 
phosphate  beds  three  important  factors  should  be  borne  in  mind — (1) 
other  sources  of  supply  that  will  be  brought  into  competition,  (2)  the 
local  and  physical  conditions  which  determine  the  cost  of  production, 
and  (3)  markets. 

COMPETING  FIELDS. 

The  production  of  the  South  Carolina  phosphate  field  has  steadily 
declined  for  several  years  and  it  seems  probable  that  this  decline  will 
continue. 

The  increase  in  production  from  the  Tennessee  field  has  been  con- 
siderable, but  has  been  due  to  added  facilities  rather  than  to  new  dis- 
coveries or  extension  of  the  phosphate-producing  area.  At  the  present 
time  the  life  of  this  field  can  not  be  estimated,  but  it  will  continue  to 
be  an  important  factor  in  the  2)hosphate  industry  for  a  number  of 
years. 

The  extent  of  the  Arkansas  i)hosphate  field  is  not  definitely  known. 
The  production  to  the  present  time  has  l)een  small.  It  apparently 
contains  an  important  bed  of  phosphate  which  in  the  future  maj^  come 
into  competition  with  the  jDroduct  of  the  western  field. 

The  production  from  the  Florida  phosphate  field  has  steadily  in- 
creased until  it  now  amounts  to  1,300,000  tons  per  annum.  It  appears 
to  be  the  consensus  of  opinion  that  this  field  can  not  be  greatly  ex- 
tended. The  present  rate  of  production  may  be  continued  or  even  in- 
creased, but  this  will  be  due  to  added  facilities  rather  than  to  new 

discoveries. 

LOCAL  CONDITIONS. 

Among  local  conditions  which  affect  the  industry  as  a  commercial 
enterprise  are  the  topogi'aphy  and  geologic  structure  of  the  region. 
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Where  variations  in  elevation  are  considerable  so  that  the  material 
can  be  handled  by  machinery  run  by  gravity,  the  cost  of  mining  is 
much  less  than  in  a  region  where  it  must  be  elevated.  The  continuity 
of  the  beds  and  their  angle  of  dip  materially  affect  the  cost  of  han- 
dling the  phosphate  and  the  amount  of  timbering  that  must  be  done. 
The  most  favorable  situation,  and  one  which  is  of  rare  occurrence,  is 
found  where  the  beds  dip  with  the  surface  slope  and  the  strata  over- 
lying the  phosphate  have  been  removed  by  erosion.  In  such  a  locality 
the  work  is  quarrying  rather  than  mining. 

At  present  most  of  the  main  phosphate  bed,  5  to  6  feet  in  thick- 
ness, is  being  worked,  and  this  constitutes  a  small  part  of  the  phos- 
phate series.  The  remainder  consists  of  interbedded  thin  layers  of 
limestone,  shale,  and  phosphate,  no  part  of  which  can  be  mined 
separately  because  the  waste  or  low-grade  material  would  reduce  the 
average  content  of  PjOg  below  a  paying  basis.  The  most  pressing 
need,  which  if  successfully  met  will  increase  the  possible  prdtftiction 
of  this  field  to  an  enormous  extent,  is  a  process  which  will  ^parate 
the  thin  phosphatic  layers  from  the  associated  lime  and  shale  and 
also  concentrate  the  low-grade  material.  The  possibilities  of  pro- 
duction from  this  field  can  hardly  be  realized  until  an  attempt  is 
made  to  estimate  the  amount  of  phosphate  rock  in  a  given  area.  To 
this  must  be  added  the  acid,  which  forms  about  one-half  the  bulk  of 
the  treated  rock. 

Accessibility  to  the  railroad  is  another  important  factor  affecting 
cost  of  operations.  Wagon  roads  in  a  mountainous  region  are  ex- 
pensive in  first  cost  and  in  subsequent  maintenance.  Heavy  snow- 
falls are  liable  to  interfere  with  transportation.  In  some  localities 
it  will  be  possible  to  develop  water  power  to  generate  electricity  for 
operating  tramways  and  electric  railways  to  transfer  the  material  to 
the  steam  roads. 

In  any  mining  enterprise  where  the  bulk  of  material  to  be  handled 
is  large  and  its  relative  value  small,  local  and  physical  conditions 
frequently  determine  whether  it  can  be  made  profitable.  A  careful 
study  of  these  factors  in  some  of  the  recent  attempts  to  work  these 
phosphate  beds  would  have  shown  that  under  present  conditions  or 
those  which  are  likely  to  exist  for  a  number  of  years  the  enterprise 
could  not  be  made  a  financial  success. 

MARKETS.  * 

At  the  present  time  the  raw  phosphate  rock  must  be  shipped  by 
rail  to  the  Pacific  coast  and  there  manufactured  into  a  commercial 
fertilizer.  The  home  market  is  a  small  but  growing  one  and  is  con- 
fined mainly  to  California.  This  fertilizer  when  shipped  abroad 
comes  into  competition  with  the  product  of  foreign  phosphate 
fields.     With  the  completion  of  the  Isthmian  Canal  it  will  hardly 
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be  possible  for  this  product  to  compete  successfully  with  the  Florida 
phosphate,  at  least  while  the  present  large  output  from  that  State 
is  maintained.  In  order  to  market  the  product  of  the  western 
phosphate  field  successfully  existing  conditions  must  be  materially 
changed,  and  this  seems  possible  only  by  a  considerable  reduction 
in  the  cost  of  rail  transportation. 

This  field  embraces  the  largest  area  of  known  phosphate  beds  in 
the  world,  and  at  some  future  time  it  will  doubtless  furnish  a  large 
part  of  the  world's  production  of  commercial  fertilizer.  The  devel- 
opment of  intensive  farming  as  the  result  of  the  reclamation  of  arid 
lands  in  the  West  will  afford  an  increasing  home  market. 

MINERAI.  liOCATIONS  UNDER  THE  PRESENT  MINING 

XiAWS. 

The  mining  laws  of  the  United  States  do  not  adequately  provide 
for  locating  beds  of  phosphate  or  other  beds  of  economic  value  hav- 
ing a  similar  occurrence  and  origin.  The  phosphate  beds  must  be 
entered  as  placer  or  lode  locations,  but  they  do  not  properly  belong  in 
either  class.  It  may  therefore  be  desirable  to  consider  briefly  the 
characteristics  of  lode  and  placer  deposits. 

A  lode  is  formed  by  the  deposition  and  concentration  of  metallic 
substances  from  mineral-bearing  solutions  circulating  in  the  crevices 
of  a  rock  mass.  It  is  therefore  a  process  taking  place  subsequent  to 
the  formation  of  the  material  with  which  it  is  associated  or  of  which 
it  forms  a  part.  A  placer  is  formed  of  material  which  results  from 
disintegration  and  erosion  of  a  rock  surface  and  which  by  the  aid  of 
gravity  and  running  water  is  removed  to  a  lower  level  and  spread  out 
as  a  covering  of  the  underlying  material.  The  formation  of  a  lode 
is  largely  the  result  of  chemical  and  mechanical  action,  whereas  the 
formation  of  a  placer  takes  place,  for  the  most  part,  by  mechanical 
action  and  in  a  measure  resembles  the  formation  of  a  sedimentary 
stratum.  A  lode  varies  in  width  but  is  generally  confined  to  so- 
called  "  walls."  A  plac<?r  may  and  usually  does  have  a  larger  areal 
extent,  but  this  is  limited  by  the  carrying  power  of  the  running  water 
by  which  it  was  formed. 

The  western  phosphate  beds  were  probably  deposited  on  the  ocean 
bottom  as  a  part  of  the  sediments  which  had  been  brought  down  from 
a  land  surface  subjected  to  erosion  during  a  long  period  of  geologic 
time  and  were  in  part  also  the  result  of  chemical  precipitation  in  the 
ocean  waters  during  the  same  time.  They  therefore  constitute  a  part 
of  the  sedimentary  strata  of  the  earth's  crust.  By  warping  and  fold- 
ing of  the  crust  the  strata  have  become  land.  They  are  therefore 
bedded  deposits  covering  a  wide  extent  of  territory,  and  they  differ 
materially  in  origin  and  formation  from  either  lode  or  placer 
deposits. . 
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If  the  phosphate  beds  were  located  as  lodes  it  would  be  possible, 
according  to  the  present  interpretation  of  the  law,  to  follow  these 
beds  for  long  distances  and  therefore  defeat  the  implied  purpose  of 
the  law.  If  located  as  placers  the  limits  of  a  claim  would  be  deter- 
mined by  the  areal  extent  of  the  surface,  which  the  law  definoc.  It 
would  appear,  therefore,  that  to  comply  with  the  spirit  of  existing 
mining  law  the  phosphate  beds  should  be  located  as  placers. 

In  actual  practice  locations  have  been  made  both  as  lodes  and 
'placers,  and  in  some  instances  both  forms  of  locations  have  been  made 
on  the  same  ground.  To  avoid  useless  expenditure  of  time  and  money 
and  legal  controversies  in  the  future  it  seems  desirable  that  a  deci- 
sion should  be  made  that  would  determine  the  form  of  entry  for 
which  patent  to  the  ground  could  be  obtained.  One  precedent  has 
been  made  by  granting  patent  to  phosphate  groimd  as  a  placer,  but 
it  was  specifically  stated  in  the  decision  that  this  applied  only  to  the 
patent  in  question,  and  it  can  not  therefore  be  considered  as  an 
established  precedent 
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SULPHUR  AND  PYRITE. 


SULPHUR  DEPOSITS  AT  CODY,  WYO. 


By  E.  G.  Woodruff. 


,  INTRODUCTION. 

The  paper  here  presented  is  the  result  of  an  investigation  made 
during  the  field  season  of  1907.  The  hot  sulphur  springs  and  traver- 
tine deposits  near  Cody  were  described  by  George  H.  Eldridge,"  of 
the  United  States  Geological  Survey,  in  his  report  on  northwest 
Wyoming.  A  more  recent  account  of  these  deposits  is  given  by 
C.  A.  Fisher,^  also  of  the  Survey,  in  his  description  of  the  Cody 
Hot  Springs,  published  in  a  report  on  the  Bighorn  Basin.  Since  the 
mines  have  been  opened  L.  W.  Trumbull,^  professor  of  geology  and 
mining  at  the  State  University  of  Wyoming,  has  described  the  occur- 
rence of  the  sulphur  and  explained  the  method  used  to  reduce  the  ore, 

liOCATION  AND  EXTENT. 

The  deposits  here  described  are  located  about  3  miles  west  of  Cody, 
along  the  base  of  Cedar  Mountain,  on  the  south  side  of  Shoshone 
River,  in  sees.  3  and  10,  T.  52  N.,  R.  102  W.  Though  geologic  condi- 
tions are  favorable  for  the  formation  of  sulphur  both  north  and 
south  of  the  river,  the  deposits  considered  workable  at  the  present 
time  are  confined  to  a  belt  2  miles  long  and  less  than  one-fourth 
mile  wide,  extending  southeastward  from  the  Hot  Springs  along  the 
foot  of  the  mountains  to  Sulphur  Creek.  All  the  mines  now  pro- 
ducing sulphur  are  included  in  a  small  area  a  few  acres  in  extent, 
located  near  the  north  end  of  the  mineralized  zone  south  of  Shoshone 
River.  The  known  area  of  sulphur-bearing  rocks  is  shown  on  the 
accompanying  map  (PI.  VI). 

"A  geological  recoDDalssance  In  northwest  Wyoming:  Bull.  U.  S.  Geol.  Survey  No.  119, 
1894,  p.  67. 

*  Geology  and  water  resources  of  the  Bighorn  Basin,  Wyoming :  Prof.  Paper  U.  S. 
Geol.  Survey  No.  53,  1906,  p.  61. 

<'  Sulphur  mining  and  refining  :  Mines  and  Minerals,  February,  1907,  p.  314. 
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SURFACE  FEATURES. 

The  area  treated  in  this  paper  includes  a  part  of  the  eastern  slope 
of  Cedar  Mountain  and  a  narrow  belt  of  the  adjoining  plains.  Sho- 
shone River  crosses  the  north  end  and  a  branch  of  Sulphur  Creek 
drains  the  southern  part.  Cedar  Mountain  is  the  southern  extension 
of  the  Eattlesnake-Cedar  Mountain  anticline,  which  is  structurally 
a  spur  of  the  Absaroka  Range.  In  this  region  the  anticline  pitches 
sharply  to  the  south,  with  steep  or  vertical  dips  on  the  west  and 
gentle  dips  on  the  east  of  the  axis.  That  part  of  the  anticline  with 
which  this  report  is  concerned  presents  a  uniformly  dipping  slope 
somewhat  trenched  by  watercourses.  The  plains  adjoining  the  bot- 
tom of  this  dip  slope  constitute  part  of  a  great  gravel  apron  which 
slopes  gently  eastward  from  the  base  of  the  mountains.  Shoshone 
River  crosses  both  the  anticline  and  the  plains,  flowing  through  the 
former  in  a  deep  canyon  and  through  the  latter  in  a  gorge  300  to 
400  feet  wide  and  150  to  200  feet  deep.  There  are,  in  the  area  here 
described,  portions  of  two  terraces  which  form  part  of  a  series  extend- 
ing along  Shoshone  River  and  rising  by  successive  elevations  from 
the  stream  channel  to  the  level  of  the  plains.  The  gravel  plains  are 
covered  near  the  mountains  by  travertine  terraces,  upon  the  surface 
of  which  there  occur  small  cones  and  circular  depressions  character- 
istic of  hot-spring  deposits.     (See  PI.  VI.) 

Such  springs  are  now  active  in  Shoshone  Canyon,  where  the  water 
issues  from  a  number  of  vents  in  crevices  in  the  upper  members  of  the 
Carboniferous  limestone.  Several  of  these  springs  have  their  outlets 
above  the  water  level,  while  others  discharge  beneath  the  river,  and 
are  visible  only  at  periods  of  low  water.  The  waters,  which  issue  at 
a  temperature  of  98°  F.,  contain  large  quantities  of  hydrogen  sulphide 
and  carbon  dioxide,  and  hold  in  solution  compounds  of  calcium,  mag- 
nesium, iron,  aluminum,  lithium,  sodium,  potassium,  chlorine,  and 
some  organic  matter.  The  water  is  clear  and  emits  so  strong  an  odor 
of  sulphur  that  it  may  be  detected  in  the  canyon  2  miles  downstream 
from  the  springs. 

GEOI.OGIC  REIiATIONS. 

The  Paleozoic  rocks  which  arch  over  the  summit  of  the  Rattle- 
snake-Cedar Mountain  anticline  have  been  lifted  3,000  feet  above  the 
surrounding  plains  and  8,000  feet  above  sea  level.  In  the  walls  of 
Shoshone  Canyon  there  are  exposed  massive  limestones  constituting 
the  Madison  and  Bighorn  formations,  which  weather  into  bold,  cas- 
tellated cliflFs,  overlain  by  soft  red  shales  of  the  Amsden  formation 
and  resting  upon  dull-green  shales  of  Cambrian  age.  Below  the  Cam- 
brian shales  is  a  mass  of  granite  several  hundred  feet  of  which  is  ex- 
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posed  and  which  weathers  into  rugged,  precipitous  cliffs  and  is  cut  by 
large  intrusive  dikes  of  quartz-bearing  diabase. 

Around  the  base  of  the  mountains  occur  the  steeply  dipping  beds 
of  softer  Mesozoic  rocks,  across  the  upturned  ends  of  which  Quater- 
nary gravels  have  been  laid  down  in  the  form  of  terraces.  Within 
and  above  these  gravels  heavy  layers  of  travertine  have  been  deposited 
throughout  a  narrow  zone  bordering  the  base  of  the  uplift. 

That  portion  of  the  travertine  fiat  which  lies  north  of  Shoshone 
Eiver  has  a  gently  sloping  surface  upon  which  appear  small,  low 
cones  of  extinct  hot  springs  and  shallow  depressions  such  as  occur-  in 
regions  where  thermal  waters  flow  over  a  plain.  South  of  the  river 
the  surface  is  less  regular,  but  it  exhibits  the  same  general  features 
that  are  found  on  the  north. 

Geysers  may  have  existed  in  the  region  prior  to  the  period  of  pres- 
ent hot-spring  activity  and  built  these  cones,  which  show  imperfect 
tubes  extending  down  into  their  interior.  The  travertine  is  composed 
in  part  of  crystals  of  selenite,  a  variety  of  gypsum,  which  seems  to  be 
an  alteration  product  of  the  travertine,  due  to  the  action  of  sulphur 
waters.  Sulphur  deposits  occur  along  the  upper  edge  of  the  travertine 
flats,  where  they  lie  upon  the  limestone  which  forms  the  mountain 
slope ;  in  fact,  the  richest  sulphur  deposits  are  found  in  the  limestone 
just  under  the  terrace  material,  at  the  upper  edge  of  the  flats,  where 
formerly  hot  springs  must  have  been  most  active.  Some  sulphur 
is  also  present  in  the  sandstone  which  underlies  the  limestone,  and 
other  deposits  are  in  the  travertine.  In  one  such  deposit  on  the  slope 
from  the  lowermost  broad  terrace  to  a  lower,  narrow  terrace  on  the 
edge  of  the  present  gorge,  the  travertine  covers  a  steep  scarp  and 
forms  the  cement  of  a  coarse  gravel  conglomerate,  the  pebbles  being 
derived  from  the  terrace  gravels.  This  is  intersected  by  numerous 
irregular  veins  of  sulphur,  which  here  and  there  expand  into  pockets 
of  considerable  size.  In  addition  to  the  sulphur  associated  with  the 
limestone  noted  above,  that  contained  in  the  travertine  and  sandstone 
has  been  tested  to  a  considerable  extent,  but  it  is  found  that  the  lime- 
stone contains  the  only  workable  deposits.  The  cross  section  at  the 
bottom  of  PI.  VI  shows  the  relations  of  the  travertine  and  sulphur  to 
the  underlying  formations. 

THE  SULPHUR. 

NATURE  AND  OCCURRENCE. 

The  sulphur,  which  occurs  native  in  small  yellow  crystals  and  in 
gray  streaks  in  the  rocks,  is  now  being  mined  and  smelted  at  the  plant 
of  the  Bighorn  Sulphur  Company,  near  the  mouth  of  Shoshone  Can- 
yon, on  the  south  side  of  the  river.    Where  the  sulphur  is  mined  it  is 
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found  in  irregular  beds  in  limestone  and  travertine  associated  with 
fine  white  crystalline  aggregates,  filling  cavities  2  to  8  inches  in  diam- 
eter, and  disseminated  through  the  limestone,  where  it  has  been  de- 
posited by  sulphur-bearing  gases  permeating  small  crevices  in  the 
rock.  The  cavities  just  mentioned  seem  to  be  portions  of  subter- 
ranean channels  through  which  the  hot  sulphur-bearing  waters 
flowed,  and  on  the  walls  of  which  the  sulphur  was  gradually  de- 
posited until  the  chamber  was  partly  or  entirely  filled.  No  regular 
arrangement  of  the  cavities  can  be  discovered,  though  they  seem  to  be 
in  groups  at  places  where  the  waters  found  free  passage.  In  the 
areas  between  the  groups  of  cavities  only  a  small  amount  of  sulphur 
is  found,  but  in  the  enriched  pockets  the  amount  of  sulphur  reaches 
30  to  50  per  cent  of  the  rock  and  becomes  commercially  imjtortant 
Laterally  a  deposit  may  be  rich  at  one  point  and  barren  10  feet  away. 
The  depth  of  the  mineralization  is  not  known,  as  mining  and  pros- 
pecting have  not  been  carried  below  20  feet,  but  it  seems  improbable 
that  rich  pockets  of  sulphur  will  be  found  far  below  the  surface.  As 
previously  stated,  a  small  amount  of  suFphur  is  found  in  the  sand- 
stones and  travertine,  but  the  quantity  in  these  rocks  is  too  small  to 
pay  for  mining. 

GENESIS  OF  THE  ORE. 

That  the  sulphur  was  deposited  by  hot  springs  is  indicated  by  the 
presence  of  sulphur  in  the  waters  now  issuing  from  the  Hot  Springs 
in  Shoshone  Canyon,  and  also  by  the  evidence  that  ore  is  found  in 
channels  such  as  water  forms  when  it  flows  through  openings  in  lime- 
stone. The  water  probably  comes  from  the  Rattlesnake-Cedar  Moun- 
tain anticline,  but  may  have  a  more  distant  source.  As  the  source  of 
the  water  is  not  known,  the  cause  of  the  heat  remains  undiscovered. 
There  is  no  evidence  of  solfataric  origin  and  the  indications  are  that 
only  a  small  amount  of  the  heat  is  derived  from  chemical  reactions, 
because  but  little  of  the  material  produced  by  chemical  changes  below 
is  brought  to  the  surface.  It  is  known  that  intensive  activity  must 
necessarily  take  place  to  maintain  the  water  at  a  temperature  above 
98°  F.,  the  temperature  found  in  these  springs.  It  is  supposed,  there- 
fore, that  the  heat  is  derived  from  slowly  cooling  magmatic  bodies, 
probably  intrusions,  and  increased  slightly  by  heat  from  chemical 
reactions. 

CHEMICAL  CONDITIONS. 

The  same  chemical  changes  which  produce  the  increased  heat  are 
thought  to  free  the  sulphur  and  permit  it  to  come  to  the  surface.  As 
the  waters  approach  the  surface  the  sulphur  compounds  are  cooled 
and  oxidized  and  the  mineral  is  deposited.  Both  of  these  processes, 
oxidation  and  loss  of  heat,  can  best  take  place  near  the  surface;  hence 
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it  is  expected  that  the  best  deposits  will  be  shallow.  It  is  of  interest 
also  to  note  that  the  ore  is  associated  chiefly  with  calcareous  deposits 
and  not  with  siliceous  rocks,  though  the  solutions  must  have  traversed 
sandstone  beds  in  their  passage  from  below.  This  fact  is  believed  to 
indicate  that  the  limestone  is  essential  to  the  precipitation  of  the  sul- 
phur from  the  solutions.  Prof.  Chase  Palmer,  of  the  United  States 
Geological  Survey,  has  made  a  special  study  of  the  chemical  changes 
supposed  to  be  involved  in  the  deposition  of  sulphur,  and  suggests  the 
following  reactions : 

It  has  long  been  known  that  a  deposit  of  sulphur  may  be  caused  by  direct 
oxidation  of  hydrogen  sulphide  In  water  through  the  agency  of  atmospheric 
oxygen  alone;  2H3S+Oa=2HaO+2S,  to  which  reaction  the  formation  of  sulphur 
deposits  has  sometimes  been  attributed. 

Winogradsky  ^  has  recently  shown,  however,  that  certain  bacteria,  which  are 
found  only  in  sulphur  waters,  utilize  hydrogen  sulphide,  and  by  oxidizing  it 
store  the  sulphur  product  in  their  cells.  The  sulphur  does  not  long  remain  thus 
in  storage,  but  is  soon  oxidized  further  by  the  cells  to  sulphuric  acid,  which  is 
neutralized  by  the  bicarbonates  usually  present  in  such  waters,  forming  sul- 
phates: HaSOi+HaCa  (CO«)2=CaS04+2COaH-2H20.  The  presence  of  these  bac- 
teria pTobably  accounts  for  the  deposition  of  only  a  part  of  the  sulphur  formed 
by  hot-spring  activity. 

Most  of  the  sulphur  deposited  from  natural  sulphur  waters  is  probably  the 
result  of  several  changes  in  which  various  compounds  are  involved.  One  of 
these  various  reactions  was  noted  by  B^champ,*  who  found  that  insoluble  cal- 
cium carbonate  Is  readily  attacked  when  suspended  in  water  charged  with 
hydrogen  sulphide.  In  which  case  two  soluble  caicium  compounds  are  formed, 
viz,  calcium  hydrosulphide and  calcium  bicarbonate:  2CaCO»H-2HaS=Ca(SH)a-|- 

HaCa(COs)a. 

The  importance  of  the  limestone  in  ttfe  deposition  of  the  sulphur  from  hot 
waters  is  shown  by  some  comparative  experiments  recently  made  by  myself  on 
the  solvent  action  of  sulphur  waters  on  calcium  carbonate,  which  indicate  that 
the  presence  of  sodium  chloride  increases  materially  the  solvent  power  of  a 
hydrogen  sulphide  water  on  calcium  carbonate. 

It  is  also  known  that  the  soluble  polysulphides  are  decomposed  by  acids,  re- 
producing hydrogen  sulphide,  and  causing  copious  deposits  of  sulphur.  Even 
carbon  dioxide  Is  capable  of  decomposing  the  polysulphides  In  this  manner: 
CaSa+2COa4-2H20=HaCa(COa)a+HaS4-S.  The  thlosulphates  which  often 
accompany  the  sulphides  In  natural  waters  are  also  similarly  attacked  by  car- 
bon dioxide,  yielding  a  deposit  of  sulphur:  NaaSa08-KX)a+HaO=NaHC08+ 
NaHS0.4-S. 

All  the  essential  conditions  mentioned  above  are  operative  in  the 
area  here  described.  Hot  springs  are  active,  limestone  is  abundant, 
and  the  hot  waters  hold  HjS,  CO2,  and  sodium  and  potassium  salts  in 
solution.  It  seems  very  probable,  therefore,  that  the  methods  of 
deposition  indicated  by  Professor  Palmer  are  at  least  the  active  if 
not  the  essential  reactions  by  which  the  sulphur  was  deposited. 

«  Lafar,   Franz,  Technlsche  Mykologle,  1897  edition. 

^Annales   de   cbimie    et  de   physique,   4th   ser.,   vol.    16,    1869,   p.   202. 
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Mining  is  carried  on  by  open-pit  quarry  methods,  in  which  promis- 
ing places  are  located,  small  drill  holes  are  put  down,  and  the  rock 
is  blasted  with  powder.  The  rock  is  then  sorted  by  hand  and  all 
ore  estimated  to  contain  over  30  per  cent  of  sulphur  (the  yearly 
average  of  the  ore  smelted  is  35  per  cent)  is  taken  to  the  smelter  by 
wagon  or  tram.  At  the  smelter  the  ore  is  placed  in  bins,  from  which 
it  is  discharged  into  small  steel  cars  with  perforated  sides,  each  hold- 
ing about  IJ  tons  of  ore.  A  string  of  three  cars  is  tfien  run  into  a 
large  cylindrical  retort,  the  door  closed,  and  steam  admitted  at  65 
pounds  pressure  for  an  hour  and  three-quarters.  The  sulphur  is 
melted  and  flows  to  the  bottom  of  the  retort,  from  which  it  escapes 
through  a  trap  into  bins,  where  it*  is  allowed  to  cool.  When  the  sul- 
phur has  been  melted  from  the  rocks  the  cars  containing  the  gangue 
are  removed  from  the  retort,  other  cars  admitted,  and  the  process  re- 
peated. This  process  is  not  considered  highly  efficient,  as  only  about 
two-thirds  of  the  sulphur  which  the  rock  contains  is  melted  out ;  the 
remainder,  being  contained  in  the  gangue,  is  thrown  on  the  refuse 
dump.  After  the  sulphur  is  cooled  it  is  ground  in  an  8-inch  Blake 
crusher  and  pulverized  in  a  rotary  grinder  to  a  powder  apparently 
equal  in  fineness  to  flowers  of  sulphur.  The  sulphur  powder  is 
sacked  and  taken  to  Cody,  3  miles  distant,  for  shipment. 

PRODUCTION. 

The  sulphur  refining  and  miMing  plant  was  built  in  1906,  and 
during  the  first  year  of  operation  850  tons  of  sulphur  were  produced 
from  2,833  tons  of  ore.  Of  this  amount  350  tons  were  sent  to  Omaha. 
Nebr.,  the  chief  distributing  point,  and  the  remainder  was  used  in 
compounding  sheep-dipping  preparations  in  Wyoming  and  adjacent 
States.     The  market  price  is  $35  per  ton  at  Cody. 
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The  list  below  includes  the  important  publications  of  the  United 
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Adams,  6. 1.  The  Rabbit  Hole  sulphur  mines,  near  Humboldt  House,  Nev.  In 
Bulletin  No.  225,  pp.  497-500.    1904. 

Davis,  H.  J.    Pyrites.    In  Mineral  Resources  U.  S.  for  1885,  pp.  501-517.    1886. 

Eckel,  E.  C.  Gold  and  pyrite  deposits  of  the  Dahlon^a  district,  Georgia.  In 
Bulletin  No.  213,  pp.  57-63.    1903. 

Pyrite  deposits  of  the  eastern  Adlrondacks,  N.  Y.    In  Bulletin  No. 

260,  pp.  587-588.     1905. 

Lee,  W.  T.  The  Cove  Creek  sulphur  beds,  Utah.  In  Bulletin  No.  315,  pp. 
485-489.    1907. 

Mabtin,  W.  Pyrites.  In  Mineral  Resources  U.  S.  for  1883-84,  pp.  877-905. 
1886. 

Richardson,  G.  B.  Native  sulphur  In  El  Paso  County,  Tex.  In  Bulletin  No. 
260,  pp.  589-592.    1905. 

RoTHWELL,  R.  P.  Pyrites.  In  Mineral  Resources  U.  S.  for  1886,  pp.  650-675. 
1887. 

Spurb,  J.  E.  Alum  deposit  near  Silver  Peak,  Esmeralda  County,  Nev.  In 
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A  COMMERCIAL  OCCURRENCE  OF  BARITE  NEAR 
CARTERSVILLE,  GA. 


By  C.  W.  Hayes  and  W.  C.  Phalen. 


IISTRODUCTION. 

The  original  source  of  barium  is  to  be  found  in  the  silicates  of  the 
metal  contained  in  the  igneous  rocks,  from  which  it  is  derived  as  the 
carbonate  during  the  ordinary  processes  of  weathering.  Though 
commonly  regarded  as  one  of  the  less  common  constituents  in  the 
earth's  crust,  F.  W.  Clarke*  has  shown  that  its  oxide  is  the  thirteenth 
in  order  of  abundance,  an  average  of  617  analyses  indicating  the 
presence  of  0.11  per  cent. 

One  of  its  commonly  occurring  forms  is  the  sulphate  (BaSO^)  or  the 
mineral  barite.  This  substance  is  more  commonly  found  in  mineral 
veins  than  in  sedimentary  rocks.  It  has  also  been  observed  as  a 
sintery  or  stalactitic  deposit  and  as  the  cementing  substance  in 
sandstone.  All  of  its  occurrences  indicate  that  it  is  a  mineral  of 
aqueous  origin  and  has  resulted  either  from  direct  deposition  in 
water  or  as  a  precipitate  when  \yaters  of  certain  composition  mingled. 

Barite  is  known  to  occur  at  several  localities  in  the  vicinity  of 
CartersviUe,  Bartow  County,  Ga.,  and  at  one  place  between  2^  and  3 
miles  southeast  of  the  town  it  is  mined  on  a  fairly  large  scale  by  the 
Nulsen,  Klein  &  Krausse  Manufacturing  Company,  of  Lynchburg, 
Va.,  and  St.  Louis,  Mo.  Although  originally  deposited  from  water 
its  present  position  is  in  a  residual  mantle  of  clay  and  gravel. 

GKOLOGY. 

The  geology  of  the  CartersviUe  district  has  been  worked  out  by 
the  senior  writer.  The  district  is  in  the  southeastern  half  of  Bartow 
County,  and  the  outcropping  rocks  are  the  older  cr^^stalline  schists, 


a  Bull.  II.  S.  uooi.  Survey  No.  228,  p.  17.    Clarke's  more  recent  figure,  contained  in  an  unpublished 
manuscript  and  based  on  an  average  of  678  analyses,  remains  the  same,  namely,  0.11  percent  BaO. 
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gneisses,  and  granites,  and  the  partially  or  completely  metamor- 
phosed sedimentary  rocks  of  the  Ocoee  group,  including  gneisses, 
schists,  slates,  and  conglomerates,  whidi  cover  the  surface  in  the 
southeastern  half  of  the  area,  and  a  series  of  unaltered  sediments 
consisting  of  quartzite,  limestone,  shale,  and  dolomite,  all  Paleozoic, 
in  the  northwestern  half.  The  former  rocks  make  up  the  more 
mountainous  parts  of  the  area.  The  Paleozoic  rocks  outcrop  in  the 
valley  region  to  the  west.  In  descending  order  and  as  at  present 
differentiated,  they  are  as  follows: 

Knox  dolomite. 

Conasauga  and  Rome  fonnations. 

Beaver  limestone. 

Weiener  quartzite. 

All  these  formations  except  the  Knox  dolomite  belong  in  the 
middle  or  lower  Cambrian,  and  it  is  probable  that  the  lower  portion 
of  the  Knox  should  also  be  classed  with  the  Cambrian.  Of  these 
formations,  only  the  Weisner  quartzite  and  Beaver  limestone  are  of 
interest  in  this  connection,  for  it  is  in  these  rocks,  or  rather  asso- 
ciated with  them,  that  the  deposits  of  barite  are  foimd. 

The  Beaver  limestone  rarely  outcrops  at  the  surface.  It  occupies 
valleys  parallel  with  the  ridges  formed  by  the  adjacent  harder  for- 
mations and  is  generally  covered  by  a  heavy  residual  deposit  of  clay 
and  wash  from  the  higher  land  on  either  side.  It  contains  a  large 
amount  of  clayey  impurities,  and  its  weathered  outcrops  appear  as  a 
clay  shale. 

The  Weisner  quartzite  forms  a  fairly  continuous  belt  about  19 
miles  long,  extending  from  the  northeastern  nearly  to  the  southern 
edge  of  the  area.  Its  greatest  width,  about  3  miles,  is  nearly  due 
east  of  Cartersville,  and  the  average  width  of  the  belt  is  between  1 
and  2  miles.  It  consists  chiefly  of  fine-grained  vitreous  quartzite, 
although  it  contains  some  beds  of  fine  conglomerate  and  siliceous 
shale.  The  thickness  of  the  formation  is  probably  between  2,000 
and  3,000  feet,  and  may  be  considerably  more;  but  it  can  not  be 
accurately  detennined  because  of  the  intense  folding  which  it  has 
undergone  and  the  absence  of  satisfactory  exposures.  In  addition 
to  the  folding,  it  is  doubtless  intersected  by  numerous  faults,  the 
evidence  of  which  is  seen  in  its  crushed  and  brecciated  condition  at 
many  points.  The  mechanical  and  chemical  conditions  resulting 
from  the  deformation  of  the  quartzite  beds  are  responsible  for  the 
deposition  of  certain  of  the  iron  ore  and  ocher  deposits  of  the  region 
which  are  contained  in  it,  and  also  originally  of  the  barite  deposits. 

OCCURRENCE  OF  THE  BARITE. 

The  barite  is  so  intimately  associated  with  certain  of  the  iron  ores 
of  this  region,  particularly  with  the  ocher,  that  conclusions  regarding 
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the  origin  of  the.  latter  are  of  importance  in  this  connection.  The 
iron  oxide  <*  forming  the  yellow  ocher  deposits  in  the  CartersviUe 
district  is  a  direct  replacement  of  the  silica  in  the  Weisner  quartzite. 
It  appears  that  the  faulting  of  the  region,  by  fracturing  the  rocks, 
afforded  favorable  conditions  for  the  percolation  of  surface  waters  to 
great  depths,  and  that  as  the  faulting  was  doubtless  accompanied  by 
the  development  of  considerable  heat,  the  region  was  probably 
characterized  by  numerous  thermal  springs.  As  is  well  known, 
silica,  under  favorable  conditions,  especially  xmder  great  pressure  ud 
at  high  temperature,  becomes  one  of  the  readily  soluble  rock  cdn- 
stituents. 

With  reference  to  the  barite  occurring  at  the  mine  of  the  Peruvian 
Ocher  Company,  at  the  wooden  bridge  over  Etowah  River,  where 
perhaps  the  best  opportunity  exists  to  study  the  past  action  of  the 
thermal  waters  and  the  development  of  the  iron  ocher  and  barite, 
the  following  statement  is  quoted  from  the  paper  cited  above: 

Numerous  open  passages  and  cavities  penetrating  the  quartzite  and  the  bodies  of 
ocher  are  met  in  mining.  The  smaller  cavities  are  generally  lined  with  a  crust  of  small 
quartz  crystals,  while  the  larger  ones  frequently  contain  beautiful  crystals  of  barite, 
which  were  probably  deposited  after  the  conditions  favorable  for  the  solution  of  silica 
and  the  deposition  of  ocher  had  passed.  Groups  of  acicular  crystals  of  this  mineral, 
several  inches  in  length,  are  not  uncommon.  It  also  occurs  in  white  granular  veins. 
The  barite  is  called  "flowers  of  ocher"  by  the  miners.  It  remains  in  the  residual 
soil  which  covers  the  quartzite  outcrops  and  affords  the  best  means  of  tracing  the 
ocher  deposits.  It  is  found  at  numerous  points  on  the  low  quartzite  ridge  north  and 
south  of  the  Etowah  River,  and  prospecting  at  these  points  has  never  failed  to  reveal 
more  or  less  extensive  deposits  of  ocher. 

The  south  end  of  the  quartzite  belt  above  described  has  a  distinct 
anticlinal  structure,  as  shown  in  the  gap  where  Etowah  River  cuts 
across  it.  It  is  on  the  eastern  side  of  this  anticUne  that  the  principal 
barite  deposits  occur.  The  quartzite  dips  eastward  at  about  45°  and 
the  overlying  shaly  Beaver  limestone,  although  not  well  exposed, 
probably  underlies  the  valley  occupied  by  the  railroad  between  the 
quartzite  and  the  crystalline  rocks  to  the  east.  At  various  places 
along  the  eastern  side  of  this  anticlinal  quartzite  ridge  deposits  of 
limonite  have  been  worked  for  many  years.  South  of  Etowah  River 
these  deposits  occur  well  up  on  the  side  of  the  ridge,  upon  the  slope 
immediately  below  the  outcrop  of  the  quartzite.  The  hmonite  is 
seen  to  rest  directly  upon  the  quartzite,  and  large  exposures  of  the 
latter  are  found  in  the  old  ore  workings.  The  limonite  appears  to 
have  a  definite  relation  to  the  quartzite  and  forms  a  nearly  continuous 
belt  of  irregular  deposits  parallel  to  its  outcrop.  Parallel  to  this  belt 
and  adjacent  to  it  down  the  slope  is  another  belt  occupied  by  the 
deposits  of  barite.     The  extent  of  the  barite  is  not  yet  proved,  and 

o  Hayes,  C.  W.,  Geological  relations  of  the  iron  ores  In  the  CartersviUe  district,  Georgia:  Trans. 
Am.  Inst.  Min.  Eng.,  vol.  30,  1900,  pp.  403-419. 
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it  probably  does  not  extend  in  workable  amount  throughout  the 
length  of  the  quartzite  ridge,  though  it  is  known  to  be  present  in 
variable  amount  northward  to  Etowah  River  and  for  some  distance 
beyond. 

While  this  belt  has  not  been  sufficiently  prospected  to  prove  the 
continuity  of  the  deposits,  their  thickness  is  indicated  by  a  tunnel 
which  has  been  driven  into  the  side  of  the  hill  about  300  feet  north  of 
the  present  workings.  This  tunnel  penetrates  120  feet  of  the  barite- 
bearing  clay  and  then  enters  the  iron  ore.     (See  fig.  26.) 

The  accompanying  sketch  shows  the  relations  of  the  limonite  and 
the  barite  to  the  underlying  formations,  so  far  as  these  relations  can 
be  determined  from  the  present  development.  One  striking  feature 
is  the  sharp  separation  between  the  two  minerals;  each  appears  to 
occupy  a  definite  horizon,  and  so  far  as  observed  there  is  no  inter- 
mingling.    While  both  in  their  present  condition  are  residual,  they 


Shaly  limestone  *' 

Fio.  26.— Sketch  section  showing  relations  of  barite  and  limonite  to  underlying  formations  near  Carters- 

ville,  Ga. 

appear  originally  to  have  replaced  distinct  beds  in  the  shaly  lime- 
stone overlying  the  quartzite,  the  iron  being  deposited  immediately 
adjacent  to  the  quartzite,  and  the  barite,  for  the  most  part,  at  least, 
in  higher  beds.  It  is  highly  probable  that  deposition  of  the  barite 
and  limonite  took  place,  in  part,  at  least,  simultaneously.  It  is  quite 
certain  that  gravity  has  been  largely  instrumental  in  concentrating 
the  former  into  a  workable  deposit. 

The  barite  deposit,  as  shown  in  the  present  workings,  has  a  thick- 
ness of  about  50  feet  normal  to  the  slope  of  the  surface.  It  is  inter- 
mingled with  residual  material,  chiefly  red,  brown,  and  yellow  clay, 
with  some  fragments  of  quartzite.  The  barite  itself  makes  up  about 
one-third  of  the  material  removed  in  mining.  It  consists  of  irregular 
or  slightly  roxmded  bowlders  ranging  from  a  few  ounces  up  to  several 
hundred  pounds  in  weight.     It  is  for  the  most  part  of  a  massive, 
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compactly  granular  structure,  and  of  a  pure-white  or  faint-bluish 
color.  As  it  occurs  in  the  face  of  the  open  pit  its  presence  might  not 
be  suspected  owing  to  films  of  ferruginous  clay  which  cover  the  nodules. 
The  iron  stain  is  confined  almost  entirely  to  the  surface  of  the 
bowlders. 

The  deposit  is  worked  in  an  open  pit.  The  ore  and  accompanying 
clay  are  loosened  by  blasting  and  shoveled  into  small  cars,  which 
dump  into  a  steeply  inclined  sluiceway  with  a  stream  of  -water.  This 
carries  the  ore  to  a  log  washer  at  the  base  of  the  hill  and  at  the  ^ame 
time  frees  it  from  much  of  the  associated  clay.  After  passing  through 
the  washer  the  ore  is  separated  into  three  grades  by  hand  picking. 
The  highest  grade  contains  some  iron  oxide,  but  merely  as  a  thin  film 
on  the  outside,  which  may  be  removed  readily  by  acid.  The  inferior 
varieties  contain  more  or  less  iron  oxide  disseminated  throughout 
their  mass,  making  its  complete  separation  expensive  and  interfering 
with  its  utilization  for  certain  purposes. 

Work  has  been  in  progress  about  six  months,  and  during  this 
time  more  than  1,000  tons  of  barite,  valued  at  approximately  $4,000, 
have  been  removed.  The  deposits  will  in  all  probability  prove  fairly 
extensive,  and  the  future  prospect  of  the  industry  seems  good. 


GRAPHITE  DEPOSITS  NEAR  CARTERSYILLE,  GA. 


By  C.  W.  Hayes  and  W.  C.  Phalen. 


Graphite  is  a  mineral  the  demand  for  which  in  the  United  States  at 
present  exceeds  the  supply.**  A  new  occurrence,  therefore,  or  the 
possible  extension  of  an  occurrence  already  known,  merits  attention." 
It  is  quite  possible  that  the  utilization  of  the  deposits  of  graphitic 
slate  in  northwestern  Georgia  may  furnish  an  abundant  supply  of 
certain  grades  of  this  mineral. 

The  extreme  northwestern  portion  of  Georgia  is  occupied  by'  sedi- 
mentary formations  of  Paleozoic  age — limestones,  sandstones,  and 
shales  in  great  variety.  To  the  east  and  south  of  these  are  meta- 
morphic  and  crystalline  rocks  whose  age  is  not  definitely  determined, 
but  which  are  probably  older  than  any  of  the  determined  Paleozoic 
formations.  The  contact  between  these  two  classes  of  rocks  passes 
southward  from  the  Tennessee  line  to  the  vicinity  of  Cartersville,  and 
thence  westward  to  the  Alabama  line  a  little  south  of  Rock  Mart.  It 
intersects  in  Georgia  the  following  counties:  Murray,  Gordon,  Bartow, 
Polk,  and  Tallapoosa.  To  the  east  and  south  of  this  contact  and 
forming  a  nearly  continuous  belt  from  a  few  hundred  yards  to  several 
miles  in  width  occurs  a  graphitic  talcose  slate.  Similar  but  less  con- 
tinuous belts  also  occur  to  the  east  within  the  metamorphic  area. 
This  slate,  particularly  the  first-described  belt,  has  been  prospected 
at  numerous  places  for  its  graphite,  and  is  worked  on  a  considerable 
scale  at  two  points  in  the  vicinity  of  Cartersville.  The  slate  was 
originally,  in  all  probability,  a  carbonaceous  clay  shale.  The  meta- 
morphism  to  which  it  has  been  subjected  has  converted  the  carbona- 
ceous material,  probably  derived  originally  from  plants,  into  graphite 
and  the  clay  into  talcose  minerals  of  somewhat  indefinite  composition 
and  mineralogical  character.  While  the  color  of  the  rock  is  generally 
black,  some  portions  of  it  contain  little  if  any  graphitic  carbon  and  are 
light  bluish  gray  in  color.  Selected  samples  of  the  rock  would  prob- 
ably run  as  high  as  12  or  15  per  cent  of  graphitic  carbon,  although 
the  content  of  carbon  in  the  rock  as  a  whole  is  much  lower.  The 
material  going  to  the  mill  of  the  American  Chemical  Mining  Company, 

a  Smith,  George  Otis,  Mineral  Resourees  U.  &  for  1906,  U.  S.  Geo!.  Survey,  1906,  p.  1265. 
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in  the  vicinity  of  Emerson,  Ga.,  immediately  north  of  the  Western 
and  Atlantic  Railroad,  averages  about  4  per  cent.  In  this  mine,  how- 
ever, and  for  the  purpose  for  which  the  product  is  used,  a  high  per- 
centage of  carbon  is  not  essential.  All  classes  of  the  slate  are, 
therefore,  mined  together,  both  that  containing  a  high  percentage  of 
carbon  and  the  bluish  bands,  which  are  practically  free  from  carbona- 
ceous matter.  At  the  mine  of  the  Cherokee  Chemical  Company, 
about  2  miles  south  of  Emerson,  the  slate  is  more  imif ormly  graphitic, 
and  the  product  runs  about  9  per  cent  of  carbon.  The  slate  here 
contains  some  stringers  of  vein  quartz  with  traces  of  gold  and 
shows  the  presence  of  considerable  pyrite,  with  here  and  there  a 
tinct  copper  stain.  Oxidation  of  the  pyrite  gives  rise  to  an  abundant 
efflorescence  of  alum  and  other  sulphates. 

The  rock  is  mined  by  open  pits  and  can  be  delivered  to  the  mill  at 
a  very  slight  cost.  Both  at  the  points  of  present  production  and 
elsewhere  along  the  belt  of  slate  above  described  the  supply  of  raw 
material  is  practically  unlimited. 

The  graphite  appears  to  be  chiefly  if  not  entirely  of  the  amorphous 
variety.  Examined  imder  the  microscope  no  crystalline  outlines 
could  be  detected,  the  graphitic  material  occurring  in  irregular  frag- 
ments, with  jagged  edges,  associated  chiefly  with  quartz.  In  some  of 
the  material  collected  from  the  pit  of  the  Cherokee  Chemical  Com- 
pany there  is  a  suggestion  of  crystalline  outlines.  When  the  material 
is  fused  with  alkaline  carbonate  and  caustic  alkalies  the  carbonaceous 
matter  appears  to  be  wholly  oxidized  and  to  go  completely  into  solu- 
tion, whereas  high-grade  flake  graphite,  at  least,  is  supposed  to  resist 
such  treatment.^  Boiled  with  nitric  acid  (specific  gravity  1.4)  there  is 
apparently  no  decomposition;  at  least  the  solutions  were  not  decolor- 
ized as  is  the  case  when  anthracite,  bituminous  coal,  and  charcoal 
from  various  sources  are  similarly  treated.^  It  would  seem,  there- 
fore, that  although  the  material  can  not  be  classed  as  graphite  in  the 
sense  that  Wittstein  has  determined  the  chemical  behavior  of  the 
mineral,  it  nevertheless  has  some  of  the  chemical  properties  of  grapliite, 
and  for  all  practical  purposes  may  be  so  considered. 

Even  with  the  very  finest  grinding  practicable  in  commercial  prac- 
tice it  may  be  questioned  whether  it  will  be  found  possible  to  eflFect  a 
separation  from  the  impurities,  in  so  far  as  they  are  flaky  in  character, 
such  as  mica  and  talc.  The  specific  gravity  of  graphite  ranges  from 
2.1  to  2.5;  of  talc,  2.7  to  2.8;  and  of  musco\dte  (mica),  2.76  to  3 — 
all  too  close  to  attempt  perfect  separation.  As  a  lubricant,  the  pres- 
ence of  the  talc  can  not  be  regarded  as  deleterious,  though  care  would 
have  to  be  exercised  to  remove  oven  the  last  traces  of  quartz  and 

o  Wittstoin's  method  for  the  delonnination  of  graphit*';  Liuign,  Chemische-technische  Untersuch- 
ungsmelhodon,  4th  ed.,  vol.  2,  p.  785. 
b  Classen,  Ausgewahite  Methoden  der  analytiseheu  Chemie,  p.  637. 
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other  gritty  material  when  used  for  such  a  purpose.  There  should, 
however,  be  no  difficulty  in  removing  the  quartz,  pyrite,  and  similar 
minerals  when  the  purpose  to  which  it  is  to  be  applied  requires  it. 

The  principal  use  to  which  the  Georgia  product  is  put  is  as  a  filler 
in  fertilizer.  It  is  claimed  that  when  mixed  with  potash  and  ammo- 
nium salts  and  the  other  ingredients  which  enter  into  fertilizers  it 
prevents  the  absorption  of  moisture  and  consequent  caking  of  the 
mass.  This  facilitates  grinding,  and  the  fertilizer  retains  its  powdery 
state  after  being  ^-jound  and  may  thus  be  more  evenly  and  economic- 
ally applied  to  the  land.  However  this  may  be,  it  is  quite  certain 
that  there  is  noticing  in  the  graphite  itself  that  enriches  the  land. 

Some  of  the  graphite  is  also  used  in  paint,  and  practical  tests  on  iron 
work,  particularly  Av^here  subjected  to  high  temperatures,  are  reported 
to  have  been  highly  satisfactory.  Its  use  in  stove  polish,  in  electro- 
typer's  powder,  and  for  foundry  facings  was  not  reported,  though  it 
should  prove  entirely  suitable  for  any  or  all  of  these  appUcations, 
where  low-grade  material  only  is  required. 

The  great  extent  of  the  deposits  of  raw  material,  their  convenience 
to  lines  of  transportation,  and  the  cheapness  with  which  the  graphite 
can  be  mined  and  prepared  for  use  should  insure  these  deposits  a 
large  development. 

47076— Bull.  340—08 30 
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By  Douglas  B.  Sterrett. 


INTROBUCTION. 

Meerschaum  has  been  extensively  used  for  over  a  century  in  the 
manufacture  of  pipes  and  other  articles  for  the  use  of  smokers,  as 
cigar  holders,  mouthpieces,  etc.  The  principal  source  of  supply  has 
been,  for  many  years,  the  deposits  in  the  plains  of  Eskishehr,  in 
Anatolia,  Asia  Minor,  about  120  miles  southeast  of  Constantinople. 
Deposits  of  the  mineral  are  also  reported  to  occur  in  Greece,  on  the 
island  of  Euboea;  in  Moravia,  Austria,  near  Hrubschitz;  in  Spain 
near  Vallecas,  Madrid,  and  Toledo;  and  in  Morocco.  The  meer- 
schaum deposits  of  Eskishehr  have  been  briefly  described  by  J.  Law- 
rence Smith  *  as  occurring  in  a  valley  filled  with  drift  material  from 
the  surrounding  mountains  that  has  been  consolidated  by  lime.  The 
meerschaum  is  scattered  through  the  drift  in  rounded  nodular 
masses,  ^\dth  pebbles  and  fragments  of  magnesian  and  hornblende 
rocks. 

The  mineral  sepiolite,  or  meerschaum,  as  it  is  commonly  called,  is 
a  hydrous  silicate  of  magnesia  with  the  probable  composition 
K^llg^ifi^Q  or  2H20  +  2MgO+3Si02.^  Many  analyses  of  meer- 
schaum only  roughly  approximate  the  formula  given  above.  This 
is  probably  due  largely  to  the  uncertain  relation  of  the  water  to  the 
other  elements  of  the  mineral.  A  large  amount  of  hygroscopic 
moisture  is  driven  off  below  110°,  sometimes  amounting  to  nearly 
half  of  the  total  lost  at  a  red  heat. 

Pure  meerschaum  is  a  white,  porous  mineral,  with  a  specific 
gravity  of  about  2.  In  much  of  it,  however,  the  porosity  is  so  great 
that  blocks  of  the  mineral  will  readily  float  on  water.  This  property, 
along  with  its  snow-white  color,  gives  rise  to  the  name,  meerschaum, 
from  the  German  for  sea  foam.  In  a  similar  way  the  French  often 
call  it  ^^ecume  de  mer.'^  It  absorbs  water  strongly  and  becomes 
somewhat  plastic,  but  returns  to  its  original  condition  on  drying. 

a  Am.  Jour.  Sci.,  2d  ser.,  vol.  7,  1849,  p.  285. 

b  Dana,  J.  D.,  System  of  Mineralogy,  Gth  ed.,  p.  G80. 
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Whe^i  saturated  it  will  not,  of  course,  float  on  water.  The  hardness 
of  meerschaum  is  from  2  to  2.5. ,  It  is  very  tough,  breaking  with  a 
conchoidal  to  earthy  fracture.  Some  forms  have  a  leathery  or 
fibrous  texture,  and  in  these  the  toughness  is  very  pronounced.  The 
luster  is  dull  and  earthy,  somewhat  like  that  of  plaster. 

The  ease  with  which  meerschaum  can  be  carved,  its  whiteness,  and 
the  fine  poHsh  it  takes  with  wax  render  it  especially  suitable  for 
elaborate  carving  and  artistic  treatment  in  the  manufacture  of  pipes. 
Meerschaum  pipes  are  prized  for  the  rich  cream-brown  or  brown 
color  which  the  bowl  assumes  after  being  smoked  a  while.  This 
color  is  caused  by  the  mixture  of  the  nicotine  from  the  tobacco  with 
the  wax  used  in  poUshing  the  pipe,  permeating  through  the  mineral. 
As  long  as  there  is  absorbed  wax  in  the  meerschaum  the  color  of  a 
pipe  will  grow  darker  and  nearly  black  with  continued  smoking.  It 
is,  therefore,  necessary  to  *'fix  the  color'*  of  the  pipe  when  the  proper 
shade  is  obtained.  Though  the  principle  employed  is  the  removal  of 
the  wax  and  boihng  in  linseed  oil  to  harden  the  mineral  and  render 
it  less  porous,  there  are  trade  secrets  in  the  process  which  the  writer 
is  not  at  Hberty  to  divulge. 

The  manufacture  of  meerschaum,  together  with  clay,  amber,  horn, 
wood,  metals,  etc.,  into  pipes  and  similar  articles  is  a  thriving  indus- 
try in  parts  of  Germany  and  Austria.  The  headquarters  of  the 
industry  in  Germany  is  at  the  town  of  Ruhla,  in  the  Thuringian 
Forest.  According  to  Consul  George  N.  Ifft,<*  of  Annaberg,  there 
are  between  3,000  and  4,000  Workmen  employed  at  this  industry, 
which  was  started  in  1767.  It  is  said  that  the  supply  of  meer- 
schaum is  becoming  low  and  that  the  manufacturers  experience 
great  diflSculty  in  obtaining  the  necessary  material  to  keep  their 
factories  going.  This  scarcity  is  said  to  be  caused  partly  by  failure 
of  the  mines  in  Asia  Minor  to  meet  the  demands  pf  the  trade  and 
partly  because  American  and  English  agents  have  gained  control  of 
the  Asia  Minor  production.  Consul  U.  J.  Ledoux,  of  Prague,  reports 
similar  diflSculties  in  the  Austrian  meerschaum  industry. 

The  treatment  that  meerschaum  receives  before  reaching  the  con- 
sumer is  varied.'  At  Eskishehr  the  crude  mineral  is  mined  by  sys- 
tematic pits  and  galleries.  &  The  nodular  masses  are  first  roughly 
scraped  to  remove  the  earthy  matrix;  then  dried,  scraped  again, 
and  polished  with  wax.  The  roughly  poHshed  nodules,  in  almost 
every  conceivable  pecuharity  of  form,  are  then  shipped  to  the  man- 
ufacturers. Pipe  bowls  are  first  turned  out  on  lathes  or  carved  by 
hand.  The  bowls  are  then  smoothed  down  with  glass  paper  and 
Dutch  rushes,  and  after  being  boiled  in  wax,  spermaceti,  or  stearin, 
are  carefully  polished  with  bone  ash  or  chalk. 

a  Daily  Cons.  Rept.,  April  25, 1907.  ^  Encyclopfledia  Britaimica,  vol.  15,  p.  825. 
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Artificial  and  imitation  meerschaum  are  also  manufactured  for  the 
trade.  Artificial  meerschaum  is  made  by  consoUdating  waste  chips 
and  fragments  by  pressure.  Imitation  meerschaum  is  sometimes 
prepared  by  treating  hardened  plaster  of  Paris  with  wax  and  color- 
ing with  gamboge  and  other  suitable  materials.  Many  of  these  imi- 
tations are  nearly  perfect. 

NEW  MEXICO  DEPOSITS  OF  MEERSCHAUM. 
LOCATION. 

Two  deposits  of  meerschaum  have  been  located  in  Grant  County, 
N.  Mex.  Both  are  in  the  upper  Gila  River  valley.  One,  taken  up 
by  the  Meerschaum  Company  of  America,  lies  in  the  Alunogen  min- 
ing district,  about  23  miles  in  an  air  line  east  of  north  from  Silver 
City,  near  Sapillo  Creek;  the  other  deposit  has  been  taken  up  by 
the  Dorsey  Meerschaum  Company,  and  lies  in  the  Jumper  mining 
district,  about  12  miles  northwest  of  Silver  City,  in  the  canyon  of 
Bear  Creek. 

The  Dorsey  meerschaum  mine,  consisting  of  six  claims,  was  vis- 
ited by  the  writer  in  October,  1907,  when  the  information  here  given 
was  obtained.  The  deposit  Ues  in  the  bottom  and  walls  of  the  can- 
yon of  Bear  Creek.  This  canyon  has  steep  cUflFs  about  100  feet  high 
at  the  base  and  other  cUffs  above  rising  to  a  height  of  several  hun- 
dred feet. 

GEOLOGY. 

The  rock  forming  the  canyon  walls  is  chiefly  light  and  dark  gray 
to  brownish-gray  limestone,  with  some  sandstone  strata  included. 
The  limestone  contains  a  large  amount  of  cherty  matter  in  certain 
beds,  both  in  nodules  and  small  bands  up  to  an  inch  or  two  in  thick- 
ness, lying  parallel  with  the  bedding.  In  some  places  these  smaller 
cherty  bands  are  very  numerous  and  give  the  limestone  a  banded  or 
ribbon  structure.  The  limestone  shows  the  first  stages  of  crystalli- 
zation and  under  the  microscope  numerous  small  calcite  crystals  can 
be  seen  scattered  through  the  finer  homogeneous  rock.  Such  rock 
contains  a  notable  amount  of  magnesia,  but  as  it  effervesces  in  cold 
dilute  hydrochloric  acid  it  is  not  a  true  dolomite.  A  sample  from  a 
prominent  bed  of  brownish-gray  sandstone  included  in  the  Umestone 
was  found  to  consist  of  well-rounded  quartz  grains  with  the  inter- 
stices almost  entirely  filled  with  calcite  as  a  cementing  material. 
The  slightly  brownish  color  of  the  stone  is  due  to  small  patches  of 
ferric  oxide  inclosed  in  the  cementing  material.  It  is  said  that 
granite  outcrops  in  the  canyon  about  half  a  mile  up  the  creek  from 
the  meerschaum  deposit.  Bowlders  of  a  coarse  porphyritic  granite 
(or  possibly  monzonite)  with  large  red  feldspar  phenocrysts  were 
seen  in  the  creek  debris,  which  contained  also  bowlders  of  a  dark 
traplike  rock  resembling  diabase. 
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The  structure  of  the  formations  is  not  simple  and  in  the  brief  ex- 
amination of  the  locahty  was  not  worked  out.  At  a  point  about  a 
quarter  of  a  mile  below  the  deposit  where  the  canyon  is  narrow,  the 
Umestone  beds  have  a  strike  west  of  north,  with  a  dip  ranging  from 
nearly  vertical  to  60°  E.  Farther  up  the  creek  the  dip  becomes  less 
until  it  is  neariy  flat  above  a  prominent  sandstone  bed,  15  to  20  feet 
thick,  among  the  meerschaum  deposits.  Farther  above  the  sand- 
stone ledge  the  strike  of  the  beds  is  northeriy  and  neariy  parallel 
with  the  course  of  the  creek.  The  dip  seems  to  be  low  and  in  oppo- 
site directions  on  each  side  of  the  canyon,  which  is  therefore  the  axis 
of  an  anticlinal  fold  that  apparently  pitches  sUghtly  to  the  north. 
The  limestone  has  been  badly  broken  up  by  large  fractures,  with 
some  faulting,  and  smaller  joints.  Several  prominent  fractures 
filled  with  vein  material  were  observed  in  the  bottom  of  the  canyon, 
where  the  beds  have  a  low  dip.  These  veins  had  a  northerly  strike 
with  a  nearly  vertical  dip.  There  were  many  other  fractures  and 
veins,  however,  some  of  them  prominent  and  others  merely  joints  and 
seams,  cutting  across  the  direction  of  these  larger  breaks. 

The  age  of  the  rocks  has  not  been  definitely  determined.  Two 
fragments  of  brachiopod  shells,  from  a  large  angular  limestone 
bowlder  in  the  bottom  of  the  canyon,  were  identified  as  stropho- 
menoids  by  Mr.  E.  M.  Kindle,  and  the  rock  is  probably  Ordovician 
in  age. 

OCCURRENCE. 

The  meerschaum  occurs  in  veins,  lenses,  seams,  and  balls  in  the 
Umestone.  All  but  the  balls  are  fiUings  of  fractures  and  joints, 
which  do  not  seem  to  be  confined  to  any  definite  direction.  The 
veins  are  filled  with  chert,  quartz,  calcite,  clay,  and  meerschaum. 
Chert  is  the  most  important  gangue  mineral  and  occurs  in  the  veins 
with  meerschaum  in  bands,  lenses,  and  nodules.  Both  the  crystal- 
Uzed  quartz  and  calcite  were  observed  in  small  veins,  in  which  also 
there  was  a  small  amount  of  meerschaum.  The  largest  vein  seen 
contained  considerable  reddish  clay  with  chert  and  meerschaum. 

The  mineral  occurs  in  two  different  forms — (a)  in  nodules  of 
irregular  shape  and  (6)  somewhat  massive,  with  a  finer  and  more 
compact  texture  than  the  nodular  form.  Some  of  the  veins  and 
seams  are  filled  with  massive  meerschaum  having  practically  the 
same  texture  as  that  in  the  nodules,  though  not  in  nodular  form. 
In  other  veins  there  is  both  compact  massive  and  nodular  meer- 
schaum, generally  embedded  in  red  clay. 

The  nodules  range  from  less  than  an  inch  up  to  several  inches  in 
diameter  and  are  of  all  shapes,  with  small,  rounded  knots  and  bumps 
protruding  from  the  surface,  which  is  gienerally  coated  or  stained 
with  the  inclosing  clay.  The  nodules  are  exceedingly  tough  and 
have  to  be  vigorously  beaten  with  a  hammer  before  they  will  break. 
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The  fracture  of  this  kind  of  meerschaum  is  very  uneven  and  the 
texture  is  fibrous,  or  rather  leathery  and  porous.  The  color  is  pure 
white  except  where  iron  stains  have  worked  in  from  the  red-clay 
matrix.  Small  fragments  from  the  nodules  sometimes  float  for  a 
while  when  dropped  into  water,  though  the  greater  part  sink.  Some 
of  the  meerschaum  that  was  not  light  enough  to  float  became  so  after 
it  had  been  heated.  After  absorbing  water  this  meerschaum,  like 
that  from  other  locaUties,  becomes  somewhat  mushy  and  has  a  soapy 
feeling. 

The  massive  meerschaum  is  finer  grained,  less  leathery,  and 
heavier.  It  is  very  tough,  however,  and  some  pieces  break  with  a 
conchoidal  fracture.  Small  fragments  floated  on  water  a  minute  or 
two  after  heating.  This  variety  does  not  absorb  water  so  rapidly 
as  the  nodular  varieties. 

The  occurrence  of  meerschaum  in  balls  was  observed  chiefly  in  one 
layer  of  limestone  5  or  6  feet  thick.  The  balls  ranged  up  to  2  or  3 
inches  in  diameter  and  were  irregularly  distributed  through  the 
Umestone.  In  some  places  they  were  plainly  connected  with  one 
another  either  by  merging  or  by  veins;  in  other  places  they  were 
apparently  unconnected  with  other  bodies  of  meerschaum.  These 
balls,  so  far  as  observed,  did  not  contain  meerschaum  of  commercial 
value,  but  were  composed  partly  of  calcite  and  another  fine-textured 
white  mineral.  Some  whole  balls  were  composed  of  these  minerals; 
others  contained  a  core  or  breccia  of  chert  or  dark  limestone. 


CHEMICAL  PROPERTIES. 

A  chemical  analysis  made  by  George  Steiger,  of  this  Survey,  on 
selected  mineral  showed  the  composition  of  the  meerschaum  from 
the  Dorsey  mine  to  be  approximately  that  called  for  by  the  chemical 
formula  previously  given  (2H20  +  2MgO  +  3SiOj).  In  the  following 
table  are  given  (1)  the  results  of  Mr.  Steiger's  analysis,  (2)  the  theo- 
retical composition,  and  (3)  Mr.  Schaller's  analysis  of  material  from 
the  deposit  of  the  Meerschaum  Company  of  America  on  Sapillo 
Creek: 

Analyses  of  meerschaum. 


1. 

2. 

3. 

SiOj 

57.10 

.58 

Trace. 

27.16 
.17 
.32 

14.78 

60.8 

} 

60.97 

AI2O3, 

FejOa 

9.71 

MgO 

27   I 

10.00 
.22 

CaO                              .     . 

CO2 

Water 

12.1 

19.14 

100.11 

100.0  j 

100.04 
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The  water  determination  in  analysis  1  was  made  on  material  which 
had  been  ground  in  an  agate  mortar  for  several  hours.  As  compared 
with  the  theoretical  composition  of  meerschaum  the  water  is  too  high 
by  2.68  per  cent.  Experimental  work  by  Mr.  Steiger  revealed  the 
fact  that  during  the  process  of  grinding  for  eighteen  hours  meer- 
schaum absorbed  2.58  per  cent  of  water.  This  test  was  made  on 
other  material  than  that  used  for  the  analysis,  with  the  following 
results: 

Per  cent. 

Original  water  in  fragmental  meerschaum 11. 75 

After  six  hours*  grinding 13. 48 

After  twelve  hours*  grinding 13. 49 

After  eighteen  hours'  grinding 1 14. 33 

The  percentage  of  water  given  in  column  1  is  therefore  doubtless 
too  high,  as  the  material  probably  absorbed  water  during  grinding. 
A  rough  determination  made  on  fragments  of  the  same  sample  also 
showed,  however,  more  water  than  is  required  by  the  theoretical 
composition. 

The  nature  of  the  water  in  meerschaum  is  very  uncertain.  Total 
water  determinations  were  made  at  a  high  heat  with  calculations  for 
loss  of  COj.  A  special  test  made  by  Mr.  Steiger  on  the  ground  meer- 
schaum as  used  for  analysis  1  gave  the  following  results: 

•    Water  lost  by  meerschaum  at  varioiLs  temperatures. 


Temperature  ("  C). 

Loss  of 

water 

(percent). 

60 

3.49 
3.17 
1.07 
2.40 

105       . . 

150 

275..    ..                        

Total  at  275° 

10.13 

From  this  test  it  will  be  seen  that  considerable  percentage  of  the 
water  is  probably  hygroscopic,  but  just  where  the  line  between  hygro- 
scopic water  and  water  of  composition  should  be  drawn  it  is  impossible 
to  say. 

A  specimen  from  the  deposit  owned  by  the  Meerschaum  Company 
of  America  was  sent  to  the  Survey  by  Ledoux  &  Co.  of  New  York. 
An  analysis  of  this  material  (No.  3  in  the  table),  made  by  Waldemar 
T.  Schaller,  showed  the  presence  of  considerable  alumina,  which  was 
also  found  by  other  chemists,  as  indicated  by  analysis  published  in 
the  report  of  the  company.  Though  the  analysis  shows  that  the 
specimen  was  not  true  meerschaum,  the  character  of  the  two  minerals 
is  very  much  the  same.  In  fact,  the  properties  possessed  by  this 
mineral  are  so  like  those  of  true  meerschaum  that  a  company  has 
undertaken  to  develop  the  deposit." 

a  Collins,  A.  F.,  Mining  meerschaum  In  New  Mexico:  Mining  World.  June  1, 1907,  p.  688. 
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The  meerschaum  from  the  Dorsey  mine  is  very  similar  in  appearance 
to  that  from  Asia  Minor  as  it  appears  on  the  market  ready  for  carving. 
The  Asia  Minor  meerschaum  is  a  little  lighter  and  more  spongy  than 
the  surface  material  from  the  Dorsey  deposit,  owing  in  part,  probably, 
to  the  fact  that  the  former  has  been  dried  before  shipping. 

The   results   of   tests   made   by  pipe   makers   on   two    different 
pieces  of  the  nodular  meerschaum  from  the  Dorsey  mine  were  not 
highly  satisfactory,  though  probably  as  good  as  could  be  expected 
from  surface  material.     Small  pipes  were  turned  down  on  a  lathe  and 
after  treating  with  wax  were  polished.     Besides  the  iron  stains  in 
certain  lines  through  the  meerschaum  the  wax  gave  a  mottled  appear- 
ance to  the  surface  by  rendering  one  portion  a  little  more  translucent 
than  others.     The  statement  of  each  pipe  maker  was  that  the  material 
was  heavier  than  usual  for  meerschaum.     One  of  them,  Mr.  S.  Hey- 
man,  of  Baltimore,  reported  it  to  be  much  harder  than  any  other 
meerschaum  he  had  ever  worked,  and  mentioned  a  fine  sand  or  grit  in 
the  sample  he  tested.     The  sandpaper  used  in  smoothing  the  pipe 
down  was  also  worn  out  more  rapidly  than  is  usual  with  meerschaum. 
Mr.  Heyman  turned  out  a  small,  thin  pipe  which  was  somewhat 
translucent  and  mottled.     The  mottling  was  apparently  caused  by 
fibrous   white   tufts   in    a   more   translucent    matrix.     These    tufts 
appeared  to  compose  the  grit  mentioned  above,  since  they  remained 
as  little  lumps  above  the  surface  of  the  pipe  after  polishing.     These 
lumps  were  found  to  be  very  tough  when  cut  with  a  knife,  and  doubt- 
less caused  the  sandpaper  to  wear  away  rapidly  when  the  pipe  was 
being  smoothed  down,  by  dragging  the  sand  grains  away  from  the 
paper.     When  tested  for  coloring  qualities  the  pipe  readily  absorbed 
the  wax  and  nicotine,  which  appeared  on  the  outside  of  the  bowl  in 
its  characteristic  color. 

The  specimen  of  meerschaum  from  which  Mr.  E.  Butzen,  of  Chicago, 
turned  out  a  pipe  was  evidently  more  compact  and  smoother  gained. 
The  bowl  received  a  fair  polish,  though  it  was  badly  mottled  by  iron 
stains. 

Another  piece  of  meerschaum  carved  into  a  rough  pipe  and  sent  to 
the  Survey  by  Mr.  W.  P.  Dorsey,  of  Silver  City,  N.  Mex.,  appeared 
to  be  pure  white  in  color  and  of  an  even  texture.  On  boihng  in  paraf- 
fin, however,  mottling  became  prominent,  showing  irregular  seams  of 
rather  translucent  material  in  white  tufted  fibrous  meerschaum. 

The  value  of  the  New  Mexico  meerschaum  has  not  yet  been  proved. 
At  the  Dorsey  mine  numerous  outcrops  of  seams  and  veins  of  various 
sizes  have  been  located.  In  chemical  composition  the  material  cor- 
responds closely  to  meerschaum,  though  the  physical  properties  of 
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material  from  the  outcrop  have  not  as  yet  proved  of  good  grade. 
Whether  valuable  meerschaum  will  be  found  below  the  surface  can 
be  learned  only  by  opening  some  veins  to  a  depth  where  surface 
movement  and  weathering  have  not  affected  the  mineral.  It  is 
probable  that  the  fibrous  tufts  described  above  are  natural  to  the 
nodular  meerschaum  and  will  not  disappear  with  depth.  The  more 
compact  massive  material  should,  however,  be  foimd  free  of  stains 
and  more  sound  below  the  surface. 

As  to  the  origin  of  this  meerschaum  in  the  limestone  formation,  the 
deposits  were  not  sufficiently  studied  to  permit  the  expression  of  an 
opinion. 
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